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PREFACE TO SECOND EDITION 

The reception which has been accorded this book 
has been such as to convince the author that the gen- 
eral plan of the work is sound. It has revealed the 
existence of a demand for a brief text-book which 
develops the theory of organic chemistry by the use of 
those compounds which have a biological interest. 

Suggestions have come from several users of the 
book that its usefulness would be improved by the 
addition of an introductory chapter on purification and 
analysis of organic substances, and all have felt that 
the chemistry of the proteins should be given more 
extensive treatment. 

Accordingly an introductory chapter has been in- 
cluded in this edition, and the more important features 
of the organic chemistry of the proteins has been de- 
veloped in the concluding chapter. The treatment 
of this chapter is such as to prepare for a later course 
in physiological chemistry, and not an effort to treat 
the proteins from the standpoint which is logical in a 
text-book devoted to the latter subject. It is hoped 
that these modifications will add to the usefulness of 

the book as a text. 

K V. McCOLLUM. 
Baltimore, Md. 
January, 1920. 
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INTRODUCTION 

THE ELEMENTS WHICH ENTER INTO ORGANIC 

COMPOUNDS 

The element carbon is the basis of all the character- 
istic substances which occur in plant and animal tissues. 
Its most important property is that of combining with 
carbon, the atoms forming chains, which may be open, 
or closed into rings. No other -element possesses this 
power in anything like the degree, that carbon does. 
Chains containing scores of carbon atoms are known in 
some of the hydrocarbons which occur in petroleum. 
In these compounds carbon is always combined with 
hydrogen in definite proportions. 

The simplest compounds of carbon are those with 
hydrogen. Substances composed entirely of these two 
elements are called hydrocarbons. Organic chemistry 
has been aptly defined as the study of the hydrocarbons 
and their derivatives. The several compounds which 
occur in gasoline and kerosene are hydrocarbons. Ben- 
zene, naphthalene, and oil of turpentine are other ex- 
amples. A vast number of compounds contain carbon, 
hydrogen, and oxygen, familiar examples of this class 
being wood alcohol, grain alcohol, glycerol (glycerine), 
fats, acetic acid, tartaric acid, etc. A large group con- 
tains nitrogen as well as carbon and hydrogen, and in 
some cases oxygen as well. To this class belong urea, 

XV 
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jBi fii of fondanKntad importanee. In most c&ses this 
Bi fteeompliabed bj dir»tinati#m or by crrstallization. of 
the snbstaDcer bat in a ferw instanees saUimation is 
poagiUe. CrystallizatiOD is the most effeetiTe method 
itf the diiee, so whenerer it is ponble to do so the 
chemist alwajs tries to get a substance in which he is 
interested coorerted into a solid crystallizable denva* 
tire, provided it is not itself capable of being crystal- 
lized* After purification the original substance may 
be recovered by the decomposition of its derivative. 
For example^ a certain acid which is a liquid and some- 
what unstable^ and not capable of distillation without 
decomposition^ can be purified by conversion into a salt 
of some one of the metals or of one of the natural 
organic bases such as quinine, and, in the form of such 
salt, can be recrystallized repeatedly. When it is 
found by appropriate tests that purification has been 
effected, the salt is decomposed and the pure substance 
recovered. 

Ptirity of a substance must be established either by 
repeated analysis of small samples following the ap- 
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plication of some method of purification, or by the 
measurement of some physical property. The most 
convenient of these for measurement in organic com- 
pounds is usually the melting point or the boiling point. 
Both of these are highly characteristic and when once 
established serve thereafter the valuable purpose of 
identifying substances and establishing their purity. 

Distillation. — When a mixture of compounds such 
as is found in petroleum is distilled from a flask con- 
taining a thermometer so placed as to insure that the 
bulb will be surrounded by the vapors of the distilling 
liquid, it is found that the mercury gradually rises as 
the distillation progresses. This is due to the fact that 
certain of the compounds in the petroleum boil, and 
therefore distill at lower temperatures than others, and 
those having the lowest boiling points pass over first, 
but tend always to pass over in a simpler mixture 
than that contained in the distilling flask. In this 
manner, by repeating the distillation of fractions which 
pass over within a range of a few degrees, these simpler 
mixtures can be separated into their constituents. 
When this is accomplished the product finally col- 
lected in the receiver will distill with the thermome'ter 
remaining almost constant during the distillation. 

A pure substance boils at a constant temperature, 
unless it undergoes some decomposition at the boiling 
temperature. This leads one to conclude that the dis- 
tillate which comes over while the thermometer records 
but a small variation of temperature is practically of 
constant composition. The problems of fractional dis- 
tillation are, however, not so simple as this. The pos- 
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sibility of making a complete separation by means of 
distillation depends on whether the components of the 
mixture are (a) completely immiscible, (J) partly mis- 
cible, (c) miscible in all proportions. 

When the components are completely immiscible, 
the vapor pressure of one remains uninfluenced by the 
presence of the other. This condition is approximated 
in the case of nitrobenzene and water. If the molecu- 
lar weights and the vapor pressure of the components 
at the temperature of distillation are known, the com- 
position of the distillate can be determined. If two 
components, A and jB, have molecular weights and 
vapor pressures represented by M. and W and P and 
P', respectively, the ratio oi A \jO B in the distillate 
will be MP/M'P\ Even though one liquid be more 
volatile than the other, which is usually the case, it 
usually also happens that the molecular weight of the 
less volatile one is much greater than that of the more 
volatile one, as in the case of water and nitrobenzene. 
The ratio just described need not therefore be very 
great and hence the less volatile liquid will come over 
in fair amount. It is under conditions such as these 
that steam distillation can be carried out effectively. 

When a mixture of partially miscible liquids is dis- 
tilled the composition of the distillate remains constant 
so long as there are two layers in the flask. These 
layers will consist of liquid A dissolved in liquid B 
and of B dissolved in A. Each of these solutions will 
emit vapors of the same composition, for the same 
vapor must be in equilibrium with both solutions. 
The composition of the vapor is not the same as either 
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layer. When one of the layers disappears during the 
course of distillation, the remainder distills as does a 
completely miscible mixture. 

Mixtures which are completely miscible do not all 
behave alike during distillation. One group of such 
substances is represented by solutions of nitric acid in 
water, or of hydrochloric acid in water. The vapor 
of water is readily soluble in nitric acid vapors, and 
the vapors of nitric acid are readily soluble in that of 
water. In such a system there will always exist a 
mixture the vapor pressure of which is lower than 
that of any other mixture. In any mixture of acid 
and water which is stronger than 68% acid, acid of 
greater strength than 68% will distill over until the 
solution remaining in the flask comes to a concentra- 
tion of 68%, after which the latter strength of acid 
distills over constantly at a temperature of 126 degrees. 
In the case of hydrochloric acid and water the con- 
stant boiling mixture contains 20.2% of acid, and 
boils at 110 degrees C. Formic acid forms a similar 
constant boiling mixture. 

In solutions the vapors of which are sparingly solu- 
ble in the liquids, there will exist a mixture, the vapor 
pressure of which is greater than that of any other 
mixture. On distilling such a mixture, of which pro- 
pyl alcohol and water is an example, a constant compo- 
sition distillate will be obtained at firsts leaving behind 
in the flask a mixture of changing composition accord- 
ing to the proportions of alcohol and water which it 
contains. 

When the vapor of one constituent (a) of a mixture 
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of liquids is very soluble in the other (6), but the 
vapors of (J) are very sparingly soluble in (a) and 
the vapor pressure of (a) is greater than that of (6), 
the vapor pressures of mixtures of (a) and (J) will 
continually diminish as the composition of the mixture 
changes from 100 per cent (a) to 100 per cent (6). On 
distilling such a mixture pure (a) will first pass over, 
then a mixture of changing composition in which (6) 
continually increases, until finally the latter comes 
over pure. Mixtures of ethyl alcohol behave in this 
manner when distilled. 

Crystallization is the most important method of puri- 
fication of such substances as can be obtained in the 
crystalline form. During the formation of crystals the 
impurities which may be present in a solution of an 
impure substance tend strongly to remain behind in the 
mother liquor. The crystals which can be filtered off 
and washed with a suitable, liquid are thus freed from 
contaminating substances as the process is repeated. 

The readiness with which different substances crys- 
tallize differs greatly. When the process is difficult 
to start it may be hastened or facilitated by agitation, 
the addition of a crystal, or the addition of another 
solvent. 

Nearly all substances are more soluble at high tem- 
peratures than at lower, and accordingly solutions 
which are saturated at their boiling points become 
supersaturated when cooled. This procedure is the 
most common one for obtaining crystals, a crop being 
obtained as a saturated solution cools. Crystals which 
are small are as a rule of greater purity than large ones. 
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Fractional crystallization is an important procedure 
for the separation of the components of a mixture of 
crystallizalile Bubstances. This method is applicable 
to substances having different solubilities. Each time 
a crop of crystals is obtained the component having 
the least solubility will predominate. The mother 
liquors will at the same time become richer in the sec- 
ond component having a lower solubility. 

Melting Point. — The determination of the tempera- 
ture at which a substance melts is the most convenient, 
and at the same time one of the most valuable, methods 
of determining the identity of a substance which ex- 
ists in the crystalline form, or of establishing its purity 
for purposes of analysis. The presence of impurities 
causes a substance to melt at a lower temperature than 
it does in a pure state. Since several substances may 
have the same or nearly the same melting temperature, 
the determination of the latter is, alone, not sufficient 
to establish the identity of a substance. In order to 
make sure of the identity it is customary to secure data 
by analysis to show the percentage composition with 
respect to carbon, hydrogen, and any other elements 
which the compound may contain except oxygen. The 
latter element is not readily estimated (quantitatively, 
and it has always remained customary to determine it 
by difference. Accordingly the difference between the 
sum of all the elements which can be identified and 
estimated, and one hundred, is accepted as representing 
the oxygen content. 

There is a very simple test which is accepted by or- 
ganic chemista aa affording conclusive evidence of the 
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identity of a substance. Suppose a substance is known 
and its properties are all carefully measured and tabu- 
lated in reference books, and among these properties is 
the melting point. It is desired to identify a sample 
of this sn]>st4ince, and after a preliminary purification 
its melting i)oint is taken as shown in Fig. 1. The 
melting point may agree with that which the new 
substance is suspected to be. If now some of the sub- 
stance to be identified is mixed with a small portion of 
pure material from a known sample, and the mixture 

is again melted, and the melting 
point of the mixture is the same 
as that of each of the samples 
before mixing, there can be no 
doubt whatever about the iden- 
tity of the substance under in- 
vestigation. 

(ireat dependence is placed 
by chemists in the reliability of 
this simple test. It depends on 
the general law that mixtures 
of substances always possess a 
lower melting point than either 

^ alone. It is a valuable asset to 

A,^r^^^ I ^^ hiboratory of organic chem- 

/ /^*5s5^ ^^^'**y *^ "^^^^^ available as large 

PiQ^ I a museum of samples of com- 

pounds of known purity as pos- 
sible for comparison with samples of unidentified sub- 
stances wliich it may bo desired to identify. 

Crystalline Form is frequently of value in the identi- 
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fication of organic substances. It is, however, less reli- 
able than melting point or boiling point, for the form 
in which a substance crystallizes frequently varies in 
the presence of impurities. The kind of solvent from 
which a compound separates likewise may determine 
the crystaUine form, so this property possesses but 
limited usefulness, and must be used with judgment. 
It is not customary in laboratories of organic chemistry 
to maintain apparatus for the measurement of the 
angles of crystalline substances. In the hands of an 
expert crystallographer, the comparison of the crystal- 
line form of a known with a suspected sample of a sub- 
stance, the history of the crystallization of which is 
known, forms one of the best criteria in cases of diffi- 
cult identification. 

Odor and Color are of great value to the organic 
chemist in the identification of substances. The odors 
of many substances are so characteristic that once 
smelled they can thereafter be recognized readily. 
This sense cannot of course be depended on as a cri- 
terion of purity, except in connection with establishing 
the absence of certain impurities which themselves have 
recognizable odors. 

Special attention should be given by the student to 
fixing in the memory the appearance of each of the 
substances which he handles in the laboratory. Look 
at details, and learn their significance. Ability to see 
little things, and distinguish small differences of any 
kind, between samples of the same or different sub- 
stances, makes the difference between being master of 
a ixew chemical problem, or of being helpless before it. 
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Specific OrATity, when taken with sufficient accuracy, 
in very valuable for eHtablishing the identity of a sub- 
stance, either organic or inorganic. The preparation 
which is used for this purpose must of course be pure. 

Optical Properties. — Certain organic as well as in- 
organic comix^unds possess the property of rotating the 
ray of polarized light either to one or the other hand, 
and the extent to which they are able to do this is 
characteristic for the substance. Where but one com- 
pound having this optical property is present in a mix- 
ture it is possible to determine it quantitatively in the 
presence of other suV)Stances with accuracy. This is 
now regularly done in the estimation of the amount of 
cane sugar or beet sugar in solutions obtained in fac- 
tories by pressing the juice out of the cane or beets. 

QUAIilTATIVK DKTKCTION OF THE ELEMENTS IN A 

COMPOUND 

Carbon. — All organic compounds bum when heated* 
to a ftuflic-ioiitly high Unnporature in the air. The car- 
bon and hydrogon (U)nibino with the oxygen of the air 
id form (carbon dioxldo and water respectively. Ben- 
mm\ flio moUM^iiUi of which contains six atoms of carbon 
and «ix aioinw of hydrogen, (mix be burned according to 
the f(»llowiiig equation i 

Hcn/4inc iMirnw In the ojien air with a smoky flame be- 
cauHo the carlion In jmrtly deposited unburned in the 
form of Moot. In (jrder to make it bum completely 
benzene must lie burned in a siHscial apparatus in which 
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this deposited carbon can be heated in contact with the 
oxygen of the air untU it is oxidized. The deposit of 
black soot is itself a test for carbon. 

The carbon dioxide formed can be conveniently 
tested for by passing the gases formed during combus- 
tion of a compound through limewater or barium hy- 
droxide. In the former a precipitate first forms, which 
later dissolves if an excess of carbon dioxide is added. 
In the latter the precipitate which forms is permanent. 

Hydrogen. — When the products of the combustion 
of an organic compound are brought into a cooled 
vessel, the water which has been formed from the oxida- 
tion of the hydrogen in the compound condenses to the 
liquid state and becomes visible. This forms a test for 
the element hydrogen. Many organic compounds such 
as sugar, albumen, starch, etc., when' heated in a test 
tube, lead to the formation of drops of moisture in the 
upper, cooler parts of the tube. 

Nitrogen. — Organic substances which contain nitro- 
gen are decomposed when heated in the presence of 
alkalies, with the formation of ammonia from a con- 
siderable amount of the nitrogen which they contain. 
When such substances as albumen, urea, etc., in inti- 
mate contact with soda lime (a mixture of sodium 
hydroxide and quick lime), are heated in a test tube 
ammonia is given off as a gas. This can be readily 
identified by its odor and by its property of turning 
moist red litmus paper blue. 

Chlorine. — Organic compounds which contain chlo- 
rine or other halogen^ are decomposed by heating with 
soda lime, the halogen uniting with the sodium and 
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calcium to form the chlorides of these metals. In order 
to test for the halogen the soda lime is dissolved in 
water, acidified with nitric acid, and silver nitrate 
added. The formation of the characteristic silver 
chloride, insoluble in nitric acid, is characteristic. 

Sulphur. — Organic substances which contain sulphur 
are decomposed by heating in a test tube along with a* 
piece of metallic sodium. The carbon cannot be all 
burned under these conditions, but the sulphur com- 
bines with the sodium to form sodium sulphide. The 
tube is heated cautiously until the sodium takes fire. 
After the flame is extinguished the tube is heated 
strongly in a gas flame, then when glowing, the tube 
is touched to the surface of a small amount of water 
contained in a beaker. The glass is shattered and the 
contents of the tube are broken up somewhat to facili- 
tate the solution of any sodium sulphide which has been 
formed. The clear solution is treated with a few drops 
of a very dilute solution of sodium nitroprusside. The 
formation of a deep violet color denotes the presence 
of sulphur. 

Phosphorus. — In order to test for the element phos- 
phorus in organic compounds it is necessary to so de- 
compose the substance as to convert the phosphorus 
into phosphoric acid, HgPO^, which is then tested for by 
the methods of inorganic qualitative analysis. The 
most convenient way to do this is to heat the substance 
under investigation in a crucible with a liberal amount 
of a mixture of sodium carbonate (1 part) and potas- 
sium nitrate (2 parts). The sodium carbonate should 
be anhydrous. This mixture is strongly oxidizing be- 
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cause the nitrate decomposes readily with the liberation 
of oxygen. The mixture should be heated until it is 
almost white. (Carbon all oxidized to COg.) 

When cool the contents of the crucible are dissolved 
in a little hot water and transferred to an evaporating 
dish. Hydrochloric acid is added to the neutral point. 
The presence of phosphoric acid may now be estab- 
lished in either of two ways : (1) The solution may be 
made strongly alkaline with ammonia, and' magnesia 
mixture added. A white crystalline precipitate of 
magnesium ammonium phosphate indicates phosphorus. 
Magnesia mixture is composed of magnesium chlo- 
ride, ammonium chloride, and ammonium hydroxide. 
(2) Nitric acid may be added to the solution until it 
is strongly acid, then an equal volume of ammonium 
molybdate solution added. The formation of a fine 
yellow precipitate on warming at 60 degrees serves as 
a test for phosphorus. The precipitate is ammonium 
phosphomolybdate. 

FINDING THE EMPIRICAL FORMULA OF AN 

ORGANIC COMPOUND 

When a substance has been examined as to its 
appearance, odor, crystalline form, melting point or 
boiling point as the case may require, whether the 
substance is acid or basic, etc., it is frequently possible 
for a well-trained chemist to decide the nature of the 
compound, for many thousands of organic compounds 
have been exhaustively studied and their properties 
described. These data are available for easy reference in 
various dictionaries and larger works in all laboratories 
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k\\\K\ mv fivijiiontly consulted by chemists who are 
H(uUyiu>( unknown suWtances. 

Not only uiv the physical and chemical properties of 
\\\\ thcHo coniiKnuuls known« but iu many instances the 
i/^Mt'^M/v o/ the mi^ecule us well. Among organic com- 
pounds thoiv art^ acids and bases and many other 
olaHMos which cannot be appreciated until the subject 
has Ihhui lojjically devcloi>ed. These include aldehydes, 
alcohols, ketones, bodies whose peculiar chemical prop- 
t^rticH ilc|Hnid on the architecture of the molecule, or, 
t^xpiVHsed in another way, their chemical properties 
tU^lHUul on the way the atoms of the several elements 
aio >(ron|HHl in the molecule. 

In i\\K^ stndy of a substance which has not been 
thoroughly investigated the procedure universally 
udoptod by chcniist^s, after the usual preliminary obser- 
vutiouH, is to determine qualittitively the elements in 
the Hulwtunoe, and then the empirical formvla. The 
liUtcr indioutes the nund)er of each of the different 
kiudn t»f atonis in the molecule. Thus acetic acid may 
lie ciipiossed in formula in two ways: CgH^Og or 
rilu<'<HUl. The former is the empirical formula 
Miur.il it tolls us that acetic acid consists of a group of 
iUjtiUt iitouis, two t>f carbon, four of hydrogen, and two 
*'l "\.\M^^u- 'K\\\^ foiiuula tells nothing of the nature 
ill iLi^ {.iubf^taiu'c. Tliu second formula, CH3COOH, is 
tLi. h(/Hi(uni/ t'ormulu. It expresses in a kind of short- 
L.uul ii uuuiUu' of f^ro^irtieti to those who know this 
LauLju.ujr. V^^^^^^^ilj otUuv things it indicates that it is 
<ui <u ill, «iuvl will taste sonv, turn blue litmus papfer 
u .1, uul u>uu JiUt^ with sKUii equivalent of metal. 
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In order to determine the empirical formula of a 
compound it is necessary to make an accurate quantita- 
tive determination of each of the elements which make 
up its molecule, so that these can be expressed in per- 
centages of the substance. In order to do this it is 
necessary to decompose the substance quantitatively 
into known substances which are of such a nature that 
they can be easily collected and weighed. From this 
data the weight of each of the elements in the com- 
pound are calculated. 

Quantitative Analysis for Carbon and Hydrogen. — 
Carbon and hydrogen in the substance to be analyzed 
are converted quantitatively into carbon dioxide and 
water respectively and these are collected in suitable 
devices for accurate weighing. The apparatus which 
serves this purpose is illustrated in Fig. 2. It con- 
sists of a hard glass tube about 85 cm. long and 12-16 
mm. outer diameter, open at both ends and made of 
very difficultly fusible glass. Quartz tubes for this 
purpose have been available for several years and are 
superior to glass because of their high fusibility. The 
tube is thoroughly cleaned and filled as shown in Fig. 2. 
Five centimeters at either end are left empty (^A). 
Then in the end to the left (^E) a 16-cm. spiril of 
copper gauze, the surface of which has been oxidized 
by heating in air or oxygen, is inserted. In front of 
this is a free space of about 10 cm., then a short copper 
gauze spiril (D). To the right of this is a space of 
about 40^6 cm., which is filled with coarse particles 
of copper oxide (JS?) which is held in place by another 
copper gauze spiril (-F). The remainder of the tube 
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((?\ which shoiild not be longer than 6 cm., is free 
except for a oovk by which it is connected with the 
abHorption apparutus. 




KOH H^SQifS^i 



UTidM 



KDH CftClt 

Bulb Toibe 



FiQ. 2 



Copper oxide is easily reduced in the presence of 
easily oxidizable substances. This means that it readily 
gives up its oxygen for the combustion of the sub- 
stance, and is changed into metallic copper. The 
bubstauce to be analyzed is weighed and placed in a 
pon.olain or platinum boat which is inserted into the 
tube at (('). To do this it is necessary to remove 
the gauze (/]?)• Tlie object is now to burn completely 
the sample of material and to collect the combustion 
products quantitatively for weighing. 

Most substances are burnable in air and during the 
combustion of the substance a very slow current of air 
is diuwu through the apparatus. This must be passed 
tUiough a set ivf reagents to free it entirely from carbon 
diuj^idc and water, since these are the products which 
mc to be secured from the analysis and weighed and 
uu souiTc of tliem other than the sample under exami- 
Ui\Uou is pcviuissible. The air is freed from carbon 
\\ivi\ulo iuu\ uuastme by passing it first through awash 
\i\i\r\U'' V v»utaiuiug a stvimg solution of potassium hy- 
\\\\'M\lv''. vUv^U \Uicd by passing through a similar bottle 
\ Aw\\i^ ^\\\\^\m\^^ 4*cub As a further safeguard the 
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air is passed through a U-tube containing soda lime in 
the first arm and calcium chloride in the second. 

At the forward end of the combustion tube is an 
absorption apparatus consisting of a U-tube filled with 
granulated calcium chloride and a potash bulb contain- 
ing a strong solution of potassium hydroxide. Beyond 
this is a small calcium chloride tube to catch any water 
which may be removed from the potash bulb by the 
passage of dry gas through it. 

The first calcium chloride tube, the U-tube, absorbs 
aU the water from the air which is passed through the 
apparatus. All of this water is formed from the com- 
bustion of the hydrogen of the compound being ana- 
lyzed, since the. air which enters the apparatus is 
rendered entirely dry by the reagent through which it 
is passed, before entering the tube. The calcium chlo- 
ride does not absorb carbon dioxide, however, and this 
passes on to the potash bulb and is absorbed and held 
as potassium carbonate. 

The process of combustion is carried out very slowly. 
The copper oxide in the forward part of the tube is 
first heated to redness, then the spiril gauze behind 
the boat containing the sample is heated, and finally 
heat is applied to the region of the tube where the 
boat is located, but with caution in order not to burn 
the substance too rapidly. If heated too quickly a 
sufficient volume of gas is liable to be formed to force 
the gases through the heated copper oxide so quickly 
that they would not all be oxidized. Under these 
circumstances the analysis would be spoiled. When the 
carbon has all been oxidized, as is seen by the freedom 
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of the boat from black deposit of the charred sample, 
the heating of the tube is continued for some time, and 
the current of air is still drawn through it in order to 
be certain that the products of the combustion are all 
swept out and into the absorption apparatus. Finally 
the heat is removed from the apparatus and the absorp- 
tion apparatus disconnected. 

Before weighing, the U-tube and potash bulb and the 
safety tube of calcium chloride attached to it are allowed 
to cool. The gain in weight of the U-tube represents 
water formed from the combustion of the hydrogen of the 
substance analyzed, and the gain of the potash bulb and. 
the safety tube beyond it represents the carbon dioxide 
formed from the combustion of carbon of the sample. 
From these weights the amount of carbon and hydrogen 
in the sample are calculated. The atomic weight of 
carbon is 12 and of oxygen 16. The per cent of carbon 
in carbon dioxide is therefore found by dividing 12 by 
the molecular weight of carbon dioxide, which is 44. 

\i = -^ or 0.2727 % 

The per cent of carbon in the substance burned is 
found by the following formula : 

13 , /7 wt. of C0« produced x 3 x 100 
rer cent U = -— -^ — ; — . 

11 X wt. of substance burned 

One ninth of the weight of water to which the in- 
crease in weight of the U-tube is due is hydrogen. 
The per cent of hydrogen in the substance burned is 
found by the following formula : 

p , t ff— ^^' ^^ ^^^^^ produced x 100 

9 x wt. of substance burned 
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When qualitative analysia hae ahown that the sub- 
stance does not contain nitrogen, sulphur, phosphorus, 
or the lialogens, aud the ignition of a tiny bit on a 
platinum foil shows that there is no inorganic element j 
(which would remain as ash) the sum of the per cents 
of hydrogen and carbon deducted from 100 gives the 
per cent of oxygen. There is no satisfactory way 
known to determine the content of oxygen in an 
organic compound directly and quantitatively- It is 
therefore determined as above described and is said to ^ 
be determined by difference. 

In ease the substance which is being analyzed for 
carbon and hydrogen contains nitrogen it is necessary 
to adopt a special procedure in the combustion. 
Oxides of nitrogen are formed which would be ab- . 
sorbed by the potash and would be weiglied a^ carbon 
dioxide. In order to obviate this difficulty a copper I 
spiril, the surface of which contains no oxide, is placed | 
in the forward end of the combustion tube just before the j 
absorption apparatus. This spiril is reduced to metallic , 
copper by heating in a gas flame and then inserting into 
a tube containing alcohol. The alcohol reduce» the 
oxides of copper and is itself oxidized in the process. 
The oxides of nitrogen formed from the nitrogen of the 
substance under analysis are reduced to elemental nitro- 
gen when they come into contact with the hot copper 
spiril. It is necessary, when this modification of the 
method is employed, to shut off the air current through 
the combustion tube during the burning of the sample. ■ 
After this is completed the air curi-ent is turned on to 
sweep out the products of combustion of the sample. 
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nitrogen consists of a gas burette, having a mercniy 
valve and leveling bulb at the bottom. This apparatus 




is illustrated in Fig. 4. After a stream of carbon 
dioxide has been passed through the tube for some 
time, and the combus- 
tion tube is heated ready 
for the decomposition of 
the sample te be anal- 
yzed, the burette is filled 
y "^ with the 40 % KOH so- 

lution contained in the 
leveling bulb, the stop- 
cock closed, and the 
bulb quickly lowered to 
take the pressure off the 
inside of the hot and 
somewhat softened 
glass. If the air (nitro- 
gen) has been entirely 
removed from the tube, the bubbles of carbon dioxide 
which enter the burette will be quickly absorbed and no 
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gas will collect in the top of the burette. After this 
test has been made the heating of the sample to be 
analyzed is begun cautiously so as not to decompose it 
too rapidly. Nitrogen begins to collect in the burette 
and continues to do so until the burning is complete 
and the nitrogen formed is swept out of the combus- 
tion tube. When this point is reached the large 
bubbles of carbon dioxide which enter the burette at 
the bottom are again completely absorbed as they ascend, 
and the volume of gas in the burette no longer increases. 

The heating is now discontinued, the burette being 
first disconnected. When the burette has cooled to 
room temperature the leveling bulb is raised so as to 
make the level of the solution it contains coincide with 
the surface of the solution in the burette, and the volume 
of gas is read off with care. A thermometer beside the 
apparatus is read at the same time, and the barometer 
reading showing atmospheric pressure is likewise se- 
cured. From these data the weight of the nitrogen 
derived from the substance analyzed is found by refer- 
ence to a table. It is necessary to add to the barometric 
pressure the difference between the vapor pressure of 
water and that of 40 per cent KOH solution at the 
temperature at which the measurement is made. This 
difficulty is obviated by transferring the nitrogen gas 
to a measuring tube filled with water and immersed 
inverted in a cylinder full of water. 

From the weight of nitrogen found by reference to 
a table the per cent of this element is calculated. 

This method is now rarely used since it has been 
found that the estimation of the nitrogen in an organic 
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compound can be effected much more easily and more 
jurately by the Kjeldahl method, in the case of nearly 
all compoands. There are a few substances, however, 
■which cannot be accurately analyzed by the latter 
method, so the old and historic method is stUl the last 
appeal. 

In the Kjeldahl method the substance to be analyzed 

• is placed in a flask and treated with concentrated sul- 
phuric acid. Potassium sulphate is added to raise the 
boiling point of the mixture, and a little copper sulphate , 
to act as a catalyzer, and the whole is digested over a 
flame so adjusted as to keep the solution near the boiling 

I point. At first the contents of the flask turn black 
owing to carbonization, but gradually it is all oxidized, 
forming carbon dioxide and water, which escape, and 
imouia which remains in the flask in combination 
with the sulphuric acid as sulphate. The formation of 
ammonia is quantitative. Finally the contents of the 
flask are cooled, dissolved in water, made alkaline with 
fiodium hydroxide, and distilled. The ammonia distills 
ir and is collected in a, measured amount of standard 
acid. The excess of acid is measured by titration and 
the amount of ammonia present calculated. From thia 
the amount of nitrogen in the sample can be calculated. 
Calculation of the Provisional Formula. — When tlie 
percentages of each of the elements in the compound are 
divided by their respective atomic weights, the ratios 

' in which the atoms of the different elements occur in 
the molecule are discovered. Thus an accurate analysis 
of ethyl alcohol would give 52.18% C; 13.04 % H ; 
and 84.78 % of O. 
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C. IS ,w li = 4.848 4.348 -i- 2.173 = 2.000 
l.i.iKi h I =»1S.040 13.040^2.173 = 6.000 
H./K ^i{>^ 2.178 2.173^ 2.173 = 1.000 

l hv> »ativ>«4 bi^tweon the atoms. of C, H, and O in the 
MH'Jwulo uiv thoivt\>rt> as 2:6:1 and the formula of 
^Uv^ vauuikuukI might be C,HgO. There is still the 
^»vK*i«il»iUt^v» hv>wovoi\ that the formula may be some 
iuuli(lU\t vvf th<> simplest combination. This must be 
vlvH uU^l bv u luvxleoular weight determination. 

lu tiio oa^sK^ \4 t^aaily volatile liquids the determina- 
tiou vKt tho molecular weight may be done by the 
iiuaUoU id Victor Meyer. This is described in all text- 
iiooK'j ^'1 vj[oucral chemistry. It rests on the compari- 
.vui vki lUo vUuiuc cH^cupied by the vapor of a known 
\v^ i>;Ui vd the i^ulK^tauce under investigation, with the 
v\i i,v;iii. vU an vH^uul YcJume of air. According to the 
Uvi'>»iUx\ji?4 vki Av^^adriH which has been verified in 
uiuu* iv'^^'^ Wi^^Mj^ c^|ual volumes of all gases under the 
. K\\\^' V oiuUUv^iu v^' tcmiveruture and pressure contain the 
.vuu uvuuM v^ vuvUwuWs. Two grams of hydrogen, 
Ok^\W Kw^ vk( v^V>jy[W% seventeen of ammonia, twenty- 
v\yM ol uUVv^Wt tt^^^l forty-four of carbon dioxide, 
wii^ ^ vvvr-H Auv^k *4t ^'' *^uU 7150 mm. pressure, occupy the 

lU^^ vUUnuuu^WvK^ U ourdcd out by vaporizing a 
\u ^v\^^ WvSsiUV v^i V^v^ ^luUt^uoo at a temperature well 
^^-v^ \Uk^ \k\\\\\k\^ y\K\\\kxm\\ moiwuring the volume of 
^\ v^^' ^vvvvvUwv^ V\^vUv\^ iU** conditions of the experi- 
.u« v.v CV vU^^VAV ^VV W^umo t»f u gas with changes of 
>\^^\k^VN^v\vvv ^vv\^ ^vvAVMnUW HW wvU known, and it is 
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possible to calculate the amount of the substance under 
investigation which would give sufficient gas to occupy 
22.4 liters under normal conditions, even though the 
substance is not a gas under these conditions. 

Again considering the case of ordinary alcoljol for 
which we have already deduced the provisional 
formula CgHgO. Without further data it would be 
impossible to tell whether this, or double, or any mul- 
tiple of the formula actually represents the molecule. 
If we weigh out 0.1 gram of alcohol and vaporize it in 
the Victor Meyer apparatus, and apply the necessary 
calculations to show what volume the gas should occupy 
under standard conditions (0*^ C and 760 mm. mer- 
cury) we should find that this volume 'would be about 
48.7 cc. The following formula enables us to calculate 
the molecular weight of the substance : 

0.1:48.7 :: iP : 22,400. 

22,400 .a 
X =s ,^ ^ = 46. 

48.7 

The molecular weight of the substance alcohol is 
therefore by the vapor density 46. This corresponds 
to the formula CjHgO, and shows that the molecule is 
actually the simplest formula which we arrived at 
from the percentage composition, and not a multiple 
of it. 

Determination of the molecular weight of a substance 
by the vapor density method is possible only where the 
substance is volatile without decomposition. It is 
possible, however, to determine the molecular weight of 
substances in solution, since there are close corre- 
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tiK^uloiuH^ l>etween the behavior of dissolved sub- 
*UMu VV4 uiul thi>8e in the gaseous state. The methods 
yd aoai>» thin U^long in the field of general chemisty 
.^uvl »uvil only U> mentioned here. 

U huH Uvn f\>uml that when substances are dissolved 
\ii WikWv v*r othor siUvonts, the solutions freeze at lower 
UuuiK^iului^K^ thuu tho pure solvents. The degree to 
wluv^K \\w I^^H^*i»^g iH>int is depressed bears a direct 
^o^'kUvm W iho unumnt of dissolved substance. The 
u^^K^^v^uUc v\oi>f'*^** **^ glycerol, glucose, and cane sugar 
iy\s\ i^'J, IHiK ^^^^^ ^^'^ re8i)ectively. Water freezes at 0"^ 
V', wKou puixs but when the above weights of each of 
Vh\v^^^ liuiH^ .^uUtunoes, 'called a gram molecule of each, 
.v^^ xU.'af»\J\oU iu a liter of water, three solutions are ob- 
i^.su^s^sl wlkiv^h ooutain equal numbers of dissolved par- 
\\\'\\^\, i^uV \<i UiftVivnt kinds. The freezing points of 
0*^' Uuov^ a^iUuivui« aiH^» however, the same. Each will 
Uvs...>v ^{f l^-^^"* ^'* ^^ ^^ found that any weights of 
O*^''*' -»uK*4l40u^iW4 whioh ivre proportional will produce 
*v .nuil.vv sU^k^vAviiiiou iif fi'cezing point. It is customary 
\^^ \\yy\^ W^^h uuu^K more dilute solutions in practice 
\\\\\\ VU\^ jiUkUk uu^looule per liter. The formula for 
\\^s^ ,.as.^^U^U^uv \vi' Uu^ molecular weight from the ob- 
,yK v»-a a\'l^v\wUvu v^i' th^* ht^ezing point is the following : 

^ X d 

y^l», I. vv|vmI" tU\^ wv^i.^^t- of the sample, a the weight 
..I ...ly.ui u^ v;i.iuvi, *< VU\^ v^l^Hervod depression of the 
i^.. uu. j.Miui. /^ ths\ luvKUvuUlMlepression, and ilf the 
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This method cannot be applied in the simple manner 
described for the determination of the molecular 
weight of most inorganic substances which when dis- 
solved in water are dissociated electrolytically and 
conduct the electric current. The ions which are 
formed by the dissociation behave as independent par- 
ticles, so the depression of freezing point is greater 
than the theoretical value. 

In the case of many acids and bases it is only neces- 
sary to determine quantitatively some constituent of 
the molecule in order to deduce the molecular weight. 
Any acid, such as acetic for example, must have a 
molecular weight which will correspond with the per- 
centage composition of its salts. The empirical for- 
mula of the acid is CHjO. We might assume that 
its silver salt would be represented by the formula 
CHOAg. The theoretical per cent of silver in this 
complex would be expressed by the atomic weight of 
silver, 107.9, divided by the sum of the atomic weights 

CHOAg, which is 136.9. 1^x100 = 78.8. The per 

cent of silver in silver acetate is, however, 64.6. This 
corresponds to a molecule double that given above, or 
CjHgOjAg. Actually the formula of acetic acid is 
CHgCOOH and its silver salt CHgCOOAg. The sig- 
nificance of this latter method of writing the formula 
will not be appreciated until the next chapter has been 
read. 

In selected cases it is also possible and desirable to 
determine the molecular weight of a compound by the 
osmotic pressure which it exerts when in solution. In 
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othf;r cases the determination of the lowering of the 
vafKir i>re88ure of a solvent due to the effect of a dis- 
mAveA sulistance may be used as a criterion of the size 
of the molecule. 
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THE FATTY COMPOUNDS 
CHAPTER I 

THE SATURATED HYDROCARBONS 

1. The simplest of the compounds composed of carbon 
and hydrogen is methane, CH4. The compounds con- 
taining only these two elements are called hydrocarbons. 
It occurs widely distributed in nature, in the gases evolved 
from volcanoes, and in those which escape from coal 
mines, where it is called fire damp, and as the principal 
constituent of natural gas. Coal gas contains consider- 
able amoimts of this compound (30-40%), since it results 
from the destructive distillation of many kinds of or- 
ganic matter. Methane also results from the degradation 
of vegetable matter, especially cellulose, by certain kinds 
of microorganisms. In this way it is produced by the 
fermentation of vegetable tissues under water in marshes, 
and derived its older name of marsh gas in this way. It 
is an ever present constituent of the gases in the intestines 
and is normally found in small amounts in the respired 
air, some of the methane produced by fermentation in 
the intestines being absorbed into the circulation and 
eliminated through the lungs. 



2 Organic Chemistry for Students of Medicine 

I'rcpuratum : 

(a) When a mixture of carbon monoxide and hydrogen 
in pusse^l through a tube containing reduced nickel, heated 
to 200'' C\, there is produced methane and water: 

CO + 3 H2 = CH4 + H2O 

(6) At somewhat higher temperatures (230'^-300° C.) 
iuirbdu dioxide is likewise reduced by hydrogen in the 
pfiJbunce of finely divided nickel, the latter imdergoing 

uu dmuge : CQ. + 4 H. = CH. + 2 H,0 

((') Hydrogen sulphide and carbon disulphide, when 
pu^^fjud through a tube containing heated copper, react to 
fiHUi (Hipper sulphide and methane: 

2 lUH + CSa + 4 Cu = 4 CuS + CH4 

\Ml*i'i luuthods will be described for the formation of 
u»* llouii- fnau c-iirtuiu of its derivatives later. 

l'4MiU'tU('^ • Muthane is a colorless and odorless gas. 

ll • i** » lllr ttmvity is 0.559, air being taken as 1. When 

•\tl|4i (ill Vm h (iri^ssuro of 140 atmospheres it liquefies at 

\l \' U» \^^liug \M\\t is -162® C. and it solidifies at 

^'^\} \' V\\\^ {^\svUU^ sparks from an induction coil de- 

•"\W**\ \V\\'il^*^^^v» iuti» rarbon, which is deposited as a 

\\\\S. '\y\y\ *SUnI ls.\*ln»«i»u gas. The strongest oxidizing 

\^\\\\' '\N\^^ ^'* ^^*'*'** •^*^*' <''*''<*'^'^ acids, scarcely attack 

W SWi^ \\v\\n\A\^^^>^hI ^ulpluirlr acid and alkalies have no 

\\\V/A\ \\^^\^\\ \^ ^^ '^ Uu^n^fore one of the most stable 

\\V\^ WWA^ \<i \M\'\\\\\'^\ ^HMMpouuds. On being led through 

A \\\\ \\\\\ »\\*^^ *» ** '^l*''' ^*P '" P*^^ ^^^ ^^^ elements, 
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carbon and hydrogen, but in part forms more complex 
hydrocarbons containing carbon chains, which will be 
described later (6). It burns with a faintly luminous 
flame. When mixed with air or oxygen it forms a vio- 
lently explosive mixture, carbon dioxide and water being 
formed: CH. + 2 ft- CO, + 2 H,0 

This 13 the reaction which occurs when the fire damp 
of mines explodes. 

2. Formation of Derivatives of Methane. — Chlorine 
or bromine react with methane forming respectively 
chlor and brom methanes. Methane mixed with chlorine 
is ea.'^ily exploded. If two atoms of chlorine (one mole- 
cule) be present in the mixture for each molecule of me- 
thane, the following products represent the principal 
reaction : 



CH* + Cla : 



CHaCl + HC! 

Metbyl 



The methane molecule less one H atom is known as the 
methyl group or radical. 

Methyl ehhride is a colorless gas of a pleasant ethereal 
odor which boils at -23.7° C. It is slightly soluble in 
water (4 volumes in 1 of HzO) and can be easily freed from 
hydrochloric acid by washing. Methyl chloride is used for 
producing low temperatures artificially. When strongly 
compressed the volume of the gas is greatly decreased 
and it becomes hot. If it is cooled as it is compressed until 
it is under a great pressure and is at the ordinary tempera- 
ture, and is then relieved of its pressure, it expands again 
and its temperature falls far below the surroundings. 
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A^*,vv .1 .VM«,«K% *%*5rt .H*^ ^ ^WA the expansion is 

Ax^V ^^'*^« 5s A '^''W :^v^«« for tlie eikereal oils 
. ^ V ..*f*vv.v v^ v.vtmcui^ ^ v^JMTs^ from flowers, 
^v \. sv. vv^^^*v«^ k^a^^i^^ ^iiMi^ t( piK^tde to separate 






s ^. < . . xw.» ^ ovtt^M.Wt Awcvtfes^ $ttfcK$tances» which 

''^^v.^ o^s^«iv^ M(iv 4ii&*^ Vr oiUed chlormethant, 
XX. V .\^^ H«««Av.v v»^^ *» i*^ ^ ^® nature of the 
\ ,v. vx ^.s N..*ft ^^l»^ :*;w^&«r ^hstance it is derived. 
X .Vs.u.s ^^y* it :**i^*b5kt v-Wwride behaves very dif- 
A fvs^ .w u:^v5«*&Aw^^^« Ductals. The latter 
. ;a ^Vv- i^^J*^ * piwipitate of silver halide. 
Sv x'V ^^^ '^•^•V vAv^ * (NWvi|*t«te of silver chloride only 
^N V* *<» '♦^ ^'K^ WH W*^ » cotttact with silver nitrate in 

•^xv ^;*iCN\\*vv ijtfc MmixW fe due to the fact that in 
^vVx^^xN^v ,N rV W!»^^*IH)iv^ iMlUkkc^ the chlorine is dissociated 
t>xw *V i^W ^ * vN'^frtvfeNiWe extent as chlorme ion : 

NMl^NV+Cl- 

]r, tS^ s^v*A\^<Vv^ vN^fitJwx the chlorine ion carries a 
oS^fvV N^< t^^^^^ V*^ins^v. WkI when a current of eleo- 
trf>\\\ {v $\^^»N\* *W^ * s^Jtttion of sodium chloride the 
\h iv^ wfet^*^<tN^ iW iw^ti\'t> pole and the CI" ion to the 
ivx<-rNv ^^N *W^ ^?^^>HH>rtW\g the charges which they 
ON!H\ tV\ <«V t^^wlwp^ ecoftductors of electricity. 
\Kt\\-; xsVKv^h.^ ii tt*M ^)|Wi*i»Wy ionized when in solu- 
rNv» '^■N^ xXv^ >h4 chwfc*^ cottduct the electric current. 

Vvv\ tv^w \4' iWK^Uvity with AgNQi is also the result of 
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its nearly iindissociated condition. In general molecules 
do not react with each other, but chemical change is usually 
the result of the property of compounds which causes them 
to dissociate into simpler parts which are in a much more 
active state chemically than the molecule from which they 
were formed. Since methyl chloride does react very slowly 
with AgNQs it is believed by many chemists to be in a 
very slight degree dissociated. 

A compound such as CH4, in which all the valences of 
each of the atoms it contains are saturated, should theo- 
retically show no tendency to react with other chemical 
substances. The reason why, e,g,, chlorine does react 
with methane is best explained by the theory elaborated 
by Nef, which postulates a very slight dissociation of 
methane into methylene and hydrogen : 

^/ ¥ 

CH4^CH2+ I 
\ H 

These components are in dynamic equilibrium with each 
other. This means that any agent which removes one of 
the dissociation products will induce the further dissocia- 
tion of a part of the CH4 molecules to maintain -certain 
relationships with respect to the three components of the 
system. Only the dissociation products are active chemi- 
cally so that the speed pf reaction will be determined by 
the degree of dissociation of the methane. This is greater 
at higher temperatures than at lower, so that reactions of 
this sort are greatly accelerated by heat. According to 
this theory the reaction of methane with chlorine takes 
place in the following way : 



6 Organic Chemistry for Students of Medicine 



/ H 
CH«^CHj + I 
\ H 

Methylene 

CH2 + = CH3CI ; 
\ CI 

Methyl 

chloride 

(chlormethane) 



H Cl H H 

1+1=1+1 
H C! Cl 01 

/ Cl 

CHj + I = CHjCl, 

\ Cl 

Meth^leiie 

chloride 

(diohlormethaiie) 



Simultaneously some of the active methylene groups should 
theoretically react with each other forming molecules with 
two carbon atoms, etc. This theory is in accord with 
the observed facts, viz. that the reaction of methane with 
chlorine does not lead to the formation of a single prod- 
uct, but of several products simultaneously. In repre- 
senting the reactions between organic compounds among 
themselves and with inorganic substances, the equation 
written represents the principal reaction only. Further 
evidence in support of this belief will be presented later. 
3. The Geometrical Structure of Methane. — The ex- 
perience of many chemists has shown 
that the relationship which exists be- 
tween the very numerous organic com- 
pounds can be expressed in a very useful 
way by assuming that the atoms which 
make up the molecules occupy definite 
relations to each other in space. The 
carbon atom is conceived to have its 
four affinities directed toward the angles 
of a regular four-sided figure (tetrahedron), the C atom it- 
self occupying the center (Fig. 1). 




The Fatty Compotmds 7 

Methane is expressed by the spatial formula shown in 
Figure 2, the hydrogen atoms forming a system of satellites 





Fig. 2 



Fig. 3 



about the C atom which may be likened to the sun and the 
planets of the solar system. Chlormethane or methyl 
chloride is represented by the structure in Figure 3. 




(a) 



(b) 

Fig. 4 



H 

H-C-H 

I 
H 



(*) 



CH4 



(d) 



This formula is, however, so cumbersome to write that 
in ordinary practice it is not employed. Figure 4 shows 
the various types of simplified figures employed to describe 
the carbon atom and its many derivatives produced by the 
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substitution of its hydrogen atoms by other elements or 
complexes. 

Of these symbols CH4 is employed in all ordinary cases 
in writing formute. It is known as the empirical formula, 
the geometrical arrangement being employed only for 
special demonstration. The student should accustom 
himself to visualize the spatial formulse. 

Now in Figure 2 each of the four hydrogen atoms occu- 
pies the same relative position with respect to the C atom 
and it should make no difference whether, in making 
chlormethane, we substitute one hydrogen atom, or an- 
other, by the chlorine. The methyl chloride should have 
the same configuration in each case, which is equivalent to 
saying that only one methyl chloride is possible. This 
is in accord with experience. No matter how methyl 
chloride be prepared, and there are several methods 
for its preparation, the product always has the same 
specific gravity, boiling point, and other physical 
properties. 

In assigning four valences to carbon, it should be borne 
in mind that there is one very common compound, carbon 
monoxide, CO, in which carbon must exist in the divalent 
state, or with two of its valences polarized or latent. In a 
number of its compounds carbon shows a marked tendency 
to pass from the tetravalent into the divalent state, or 
vice versa. This is seen in the relation between carbon 
dioxide and carbon monoxide (also called carbonic oxide). 
At ordinary temperatures CO2 is a stable gas, but under 
the influence of the silent electrical discharge it tends to 
change into CO + O. Carbon monoxide on the other 
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hand can readily add on certain elements, as chlorine, the 
carbon passing back into the tetravalent state. 

CO+0 =C02 
CO + CI2 - COCI2 

Carbonyl 
chloride 

The latter reaction takes place very slowly in the dark, 
but is greatly accelerated by sunlight. Most organic 
substances exhibit this tendency to pass in some degree into 
labile active forms. 

4. If in a mixture of methane and chlorine the latter is 
present in excess two, three, or four hydrogen atoms are 
substituted by chlorine. These are called dichlor, trichlor, 
and tetrachlor methane, respectively. Since the group 
CH2 is termed methylene (2), dichlormethane is sometimes 
called Toethylene chloride. Trichlormethane is chloroform, 
a familiar substance employed as an anesthetic. Tetra- 
chlormethane is familiarly known as carbon tetrachloride. 
It is much employed as a solvent for fats and oils, and is 
used in the dry cleaning of clothes. Its action is to dis- 
solve the grease from spots and when the latter is removed 
from the fabric the dirt which adhered to the grease 
readily separates. Both chloroform and carbon tetra- 
chloride are non-inflammable. 

There are bromine and iodine substitution products of 
methane, entirely analogous to the chlorine compounds. 
Some of these are of great interest and value in synthetic 
work. While chlorine reacts with methane at ordinary 
temperatures, forming substitution products and hydro- 
chloric acid, bromine must be heated in a sealed tube before 
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any reaction will take place^ and iodine will not react with 
methane, even under pressure and at high temperatures^ 
to form substitution products. 

6. Methyl Iodide. — For the preparation of the iodine 
derivatives advantage is taken of the greater affinity of 
the mono- and divalent metals for chlorine than has the 
methyl radical, thus : 

CHsCl + KI = CHsI + KCl 

Methyl 
iodide 

Methyl iodide is a heavy liquid with a pleasant ethereal 
odor, boiling at 43° C. Its specific gravity is 2.19. It is so 
unstable that on keeping it decomposes, setting free iodine. 

6. Ethane, C2H6. 

CH \' • 
Zinc methyl: ^TT^^Zn is a derivative of methane 

which is formed when methyl iodide is warmed with a 
mixture of zinc and copper in a powdered form. The 
reaction may be represented as follows : 

CHsI + Zn = CHa— Zn— I 
2 CHs— Zn— I = Znl2 + ciL^^n 

Zinc methyl is a colorless liquid boiling at 46® C, which 
is so unstable that it explodes when exposed to the oxygen 
of the air. It is therefore a highly reactive substance and 
can be used to build up synthetically other hydrocarbons 
from methane. Zinc methyl reacts readily with methyl 
iodide to form ethane : 

rWy^n + ^^] = Znl2 + 2 CHa-CHs 

'^XlaX L/Jlai Ethane 
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It can also be prepared by the reaction of Wurtz and 
Fittig, in which methyl iodide is allowed to react with 
metallic sodium : 

2 CH3I + 2 Na = CHr-CHs + 2 Nal 

Certain metallic derivatives of methane and ethane are 
of biological importance. Animals poisoned with tellu- 
rimn or selenium compounds eliminate in the breath di- 
methyl telluride CH3 — ^Te — CH3 and dimethyl selenide 
CH3 — Se — CH3 respectively. These possess characteristic 
odors, that of dimethyl telluride resembling garlic. The 
organism is thus capable of employing the methyl radical 
to combine with these toxic elements in order to produce 
volatile derivatives which can be eliminated. 

Dimethyl telluride is a heavy yellow oil which boils 
at 82°. Dimethyl selenide is a liquid. When certain 
molds, especially Penidllium bremcaule, are grown upon 
media containing arsenic, they produce volatile diethyl 

arsine, ptt^^^[\^tt^ \AsH, which has a garlic-like odor. 

The test is so delicate that even 0.00001 gram of arsenic 
can be detected with certainty. 

It is through the agency of such molds that poisoning 
with arsenic has resulted from the use of wall paper printed 
with arsenic-containing pigments. 

From its method of formation ethane is therefore believed 
to be made up of a methane molecule in which one hydro- 
gen atom is substituted by a methyl group. Its structure 

Note. — Unless otherwise specified all temperatures refer to 
the Centigrade scale. 
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is assumed to be that shown in Figure 5 (a) and (6), but 
for simplicity the formute (c), (d), or (e) are employed. 

Ethane may be regarded as methyl methane and is 
occasionally spoken of as dimethyl. It is a colorless and 
odorless gas which is liquefied at 4° by 46 atmospheres 
pressure. It is slightly more soluble than methane in 
water and alcohol. It occurs with methane in natural gas 
and is present in petroleum. 

The property of the carbon atom of combining with other 
carbon atoms in a very firm union to form carbon chains 
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H 




H 



H 

I 

H-C-H 

I 

H-C-H 

I 

H 



CH, 

I ' 
CH. 



^2^6 



H 




H 



H 



(6) 



(c) 



id) 



ie) 



Fig. 6. 



is unique among the elements. Ethane and its homologues 
are very stable substances and very resistant to reagents. 
Ethyl chloride, CH3 — CH2CI, can be prepared by the 
action of chlorine on ethane : 

CH3— CH3 + 2C1 = CH3— CH2CI + HCl 

The ethane molecule less one hydrogen atom is called 
the ethyl radical or group. Methyl, ethyl, and their higher 
homologues are frequently called alkyl radicals or groups, 
and their halogen derivatives alkyl halides. 
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Ethyl chloride is a sweet-smelling liquid boiling at 
12.5°. In a manner entirely analogous to the forma- 
tion of methyl iodide, ethyl iodide can be produced 
from the chloride: 

CHa— CH2CI + KI = CH3— CH2I + KCl 

Ethyl iodide 

Ethyl iodide boils at 72°. It can react with methyl 
iodide to produce a hydrocarbon containing three carbon 
atoms, called propane : 

CH3— CH2I + CH3I + 2 Na = CH3— CH2— CH3 + 2 Nal 

Propane 

This synthesis can also be efiFected by the action of zinc 
methyl on ethyl iodide : 

CHsN. ICH2 — CH3 CH3 — CH2 — CH3 

, ^Zn+ = +Znl2 

CH3X ICH2 — CH3 CH3 — CH2 — CH3 

If metallic sodium be allowed to act on ethyl iodide, two 
ethyl radicals are combined to form butane : 

CHs^ — CH2I + ICH2 — CH3 = CH3 — CH2 — CH2 — CH3 

Butane 

Since it will be necessary later to speak of the dihalogen 
derivatives of ethane in illustrating the structure of certain 
compounds (aldehydes), mention should here be made of 
the nomenclature of these. 

When two of the hydrogen atoms of ethane are replaced 
by halogen, two compounds are possible according to 
whether the halogen atoms are attached to the same or to 
different carbon atoms. 
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CHjCl CHb 

I and I 

CH2CI CHCI2 

Ethylene Ethylidene 

chloride ohioride 

« 

The symmetrical isomer is distinguished by the ending ene 
and the unsymmetrical isomer by the ending idene pre- 
ceded by the prefix denoting the hydrocarbon from which 
it was derived. Compounds of this class will be con- 
sidered later (31). 

7. Starting with methane, therefore, it is possible to build 
up a series of hydrocarbons each differing from the next lower 
one by a CH2 group. Their formulae, CH4, QHe, CgHg, 
C4H10, C6H12, CeHu, etc., all correspond to the general ex- 
pression CnH2»+2. They have the general name of saturated 
hydrocarbons, because all the valences of the carbon atoms 
not holding other carbon atoms are saturated with hydro- 
gen, so that they cannot take up any more of the latter. 

Nomenclature. — The saturated hydrocarbons are de- 
signated by the termination " ane." Methane, ethane, pro- 
pane, and butane, have special names. The higher ones 
are denoted by the Greek or Latin numeral signifying 
the number of carbon atoms they contain. Thus, C6Hi4 is 
called hexane ; C10H22, decane; C16H34, hexadecane; etc. 

The groups of atoms which are derived from the hydro- 
carbons by the removal of a hydrogen atom are tenned 
alkyl groups ; they are denoted by changing the ending 
" ane " to " yl.'' Thus CH3— , is methyl ; CsHr-, ethyl ; 
C3H7 — , propyl ; C4H9 — , butyl ; etc. 

Properties of the paraffins. The compounds of this 
series containing from 1 to 4 carbon atoms are gases ; those 
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with 5 to 16 carbon atoms, liquids at ordinary temperatures 
and pressures; while those having more than 16 carbon 
atoms in the molecule are solids. Members containing 
from 1 to 60 carbon atoms are actually kn(Jwn. 

8. Crude Petroleum, which occurs in nature in enor- 
mous quantities, consists of a mixture of all the members 
of the series from the lowest to the highest. When distilled 
the lower members volatilize first, the temperature in the 
still rising as the distillation proceeds. The lightest 
fraction which is collected distills at 0° and consists of 
gases, chiefly butane, which are liquefied under pressure 
and employed for the production of low temperatures. 
As a rule the distillate is collected until the product coming 
over has a specific gravity of .729. This is reached at a 
temperature of about 150°, at which point chiefly nonane 
and decane distill. All the product so obtained is known 
as crude naphtha. This is redistilled and separated into 
rhigolene B. P. 18°, petroleum ether or naphtha B. P. 50-60, 
containing chiefly C6H12 and CeHu; benzine B. P. 70- 
90°, chiefly CeHu and C7H16 ; ligroin B. P. 90-120°, and 
petroleum benzine B. P. 120-150°, chiefly mixtures of 
C7H16 and CgHig. From 150-300° there is collected the 
"burning oil distillate," which is redistilled into several 
grades of kerosene. The safety of these oils depends on 
their volatility, for their vapors mixed with air form 
explosive mixtures. Their use is attended with consider- 
able danger. The quality of the product is determined by 
the flash point and " burning point." These are deter- 
mined by heating a sample in a dish and at intervals bring- 
ing a small flame near the surface. When vapors are 
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given off rapidly enough to form a combustible mixture, 
there is a flash, which is at once extinguished. At a higher 
temperature vapors are given off rapidly enough to support 
a flame. This is known as the burning point. Most 
states require a flash point of at least 110° F. and a burning 
point of 110 to 150° F. 

Above 300° F. there are distilled various grades of 
lubricating oils. From the residues vaseline and paraffin 
are separated, the latter by chilling. 

The physical constants of a number of the nonnal 
hydrocarbons are given below : 

Table I 





Melting 
Point 


Boiling Point 


Specific 
Gratitt 


CH4 Methane 


-184° 


- 164° 


.415 at 16.4° 


C2H6 Ethane 


- 172.1 


-84.1 


.446 




CsHg Propane 


-45 


-44.5 


.535 


40° 


C4H10 Butane 




- 1 


.600 




C5H12 Pentane 




36.3 


.454] 




C«Hi4 Hexane 




69 


.660 




C7H16 Heptane 




98.3 


.683 


at 20° 


CsHis Octane 

• 




125.8 


.702 




• 

Ci jlsi Hexadecane 


18 


287 


.775] 




CnUu H^tadecane 


22 


303 


.777 




Ci»H»8 Octadecane 


28 


317 


.777 




• 








At t>M^ 


C27H56 Heptacosane 


60 


270 




.780 r- p 


CaiHsi Hentriacontane 


68 


302 


At 


.781 . ^- ^• 


CfiHce Dotriacontane 


70 


310 


15 mm. 


.781 




CS5H72 Pentatriacon- 






pressure 






tane 


75 


331 




.782 
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9. Isomerism. — Just as in the case of methane, there 
is but one substance known having the fonnula CH4, so 
there is but one compound having the fonnula QHe 
(ethane), and one having the fonnula CjHg (propane). 
Butane, CiHio, however, exists in two fonns. They have 
the same percentage composition with respect to carbon 
and hydrogen, and the same molecular weight, but diflFer 
in their boiling points and specific gravities. Both are 




H 


H 






H 


1 


1 






1 


H-C-H 


H-C- 


-H 


H- 


-C-H 


1 


1 






1 


H-C-H 


H-C- 


-H 


H- 


-C--C1 


1 


1 






1 


H-C-H 


H-C- 


-H 


H- 


-C-H 


1 


1 






1 


H 


CI 






H 


(b) 


ic) 






(d) 


FiQ. 6. 











(a) 



gases, but one is liquefied at — 1° while the other remains a 
gas until cooled to — 17°. The existence of two or more 
compounds having the same chemical formula but difiFerent 
physical properties is explained by the structural formulas. 
Thus while all the hydrogen atoms in methane and ethane 
are alike with respect to the remainder of the molecule ; in 
propane and butane and the higher homologues this is 
not the case, as is illustrated in Figure 6. 

If in (6) a chlorine atom should be substituted for a 
hydrogen atom, the same chlor propane or propyl chloride 
should result whichever one of the hydrogen atoms 
attached to either end carbon atom might be replaced, 



i 
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but a different compound should result provided the 
chlorine should be substituted for a hydrogen attached to 
the middle carbon atom.. This C atom differs from the 
two end ones in that two of its valences are in union with 





Normal butane 



Isobutane 



H 

I 

H-C-H 

I 

H-C-H 

H-C-H 

I 
H-C-H 



^ 



Normal butane 
(methyl-ethyl- 
methane) 



H 

I 

H-C-H 

H-C-CH. 

I ' 

H-C-H 

I 

H 



Isobutane 

(trimethyl 

methane) 



Fig. 7. 



methyl groups, while the others are each linked to carbon 
by only one bond. Theory calls therefore for only one 
l)r()paue, and only one is known, while it calls for two 
mono-chlor propanes and both of these are known. Nor- 
mal propyl chloride, CH3 — CH2 — CH2CI, abbreviated 
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n-propyl chloride, boils at 46.4°, while wopropyl chloride, 
CHa— CHCl— CH, boils at 36.5°. 

We should expect in the case oA butane two forms corre- 
sponding to the propyl chlorides, the methyl group occupy- 
ing the position of the chlorine atoms (Fig. 7). 

Isobutane consists of a branched chain of carbon atoms, 
normal butane does not. Such a difiference in structure 
is called isoTnerism and the compounds so related are 
isotners. Normal butane may be looked upon as methyl- 
ethyl-methane, since two hydrogens are respectively 
substituted by a methyl and an ethyl radical. 

Three pentanes should exist if our theory of structure 
is correct and as a matter of fact three are known : 

CHs CHs CHs 



CHj CH 

I I 

CH2 CHfl 



CH2 CH3 




CHs 

n-pentane (methyl- Dimethvl-ethyl- Tetramethyl-methane 

propyl-methane) methane 

The boiling points of the normal hydrocarbons are 
always higher than those of the isomers, and the boiling 
point becomes continuously lowered the more the carbon 
chain is branched, i.e, the more the methyl groups are 
gathered together in the molecule. 

The constitution of the hydrocarbons of the paraffin 
series can be arrived at only by their synthetical formation 
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vi-uoture. Thus, by the 

. ^rmal propyl iodide and 

.. iie molecule of normal 

^.'pn^pyl iodide and one of 

Aiiiw-^thyl-methane (2); and 

i*iae< and methyl iodide are 
. 'i • • 

I'l., -CH3+2Xa 

• i.. CHs— CH2— CHs + 2 Nal 



., vll3+2Na 



:H— CH2— CH3 + 2 Nal 

CH3 CH3 

\ / 

^-», .;Na= >C< 

/ \ 

CH3 CH3 

V ivirxr^ increases very rapidly 
,t Mv.v The following table shows 
., wr^Svlo for some of them : 

IVvane C10II22 75 

Vndocane C11H24 159 

IVxleoane C12H26 354 

' Triilecane C13II28 802 

S5 
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Most of the higher ones have never been prepared 
because they are not of sufficient importance to induce 
chemists to give the necessary efiFort. The methods of 
forming them are well understood and it is quite possible 
to produce large numbers of them synthetically. 

10. A carbon atom which is only linked to one other 
carbon atom is called priTnary ; one which is linked to two 
carbon atoms is secondary ; one linked to three is tertiary ; 
and to four, quaternary. When situated at the end of a 
chain a carbon atom is called terminal. The carbon atoms 
of a chain are designated by numbers, the Jterminal one 
being denoted by 1, the next by 2, etc., for example : 

CH3 — CH2 — CH2 — CH2 — CH2 ••• 
12 3 4 5 

Frequently the longer chains are written 

CH3 (CH2)n CH3. 

The terminal carbon atom is frequently denoted by ®, 
the Greek letter omega, the next by « (alpha) and the 
succeeding ones by /3, 7, etc. Methane and its homo- 
logues are collectively spoken of as the m£thane series, or 
the paraffin hydrocarbons. 

11. The assumption that the four valences of the carbon 
atom are directed toward the angles of a regular tetrahe- 
dron does not necessitate regarding their positions with 
respect to each other as fixed. There is good reason to 
believe that they may revolve around a position of equi- 
librium without changing the order of succession. 
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THE ALCOHOLS 

12. The Monatomic Alcohols. — When methyl chloride, 
bromide, or iodide is warmed with water, halogen acid and 
a new substance, methyl alcohol, are formed. It may be 
looked upon 'as water in which one H atom is replaced by 
the CH3 radical. 

CH3CI + HOH = CH3OH + HCl 

Methyl 
alcohol 

Its synthetic formation has only a scientific interest, for 
in practice it is always obtained as a by-product of wood 
distillation. 

The alcohols and the corresponding alkyl halides are in 
general mutually transformable into each other. Thus 
on treatment with phosphorus pentachloride the alcohok 
are converted into alkyl chlorides, the OH group being 
replaced by CI : 

(Ula— CH2OH + PCI5 = CH3— CH2CI + POCI3 + HCl 

Phosphorus 
oxyohloride 

It is customary in illustrating reactions which, like this 
one, are characteristic of a series by employing the symbol 
U in pla(*e of the alkyl group attached to carbinol, as : 

U— (llaOn + PCI5 = R— CH2CI + POCI3 + HCI 

22 
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Methyl alcohol is koown as wood alcohol because it is 
(roduced when wood is heated out of contact with the oxy- 
gen of the air to a temperature sufficient to decompose it. 
Properties. The methyl alcohol of commerce is obtained 
this way. It is a colorless liquid which is neutral in 
!tion ; that is, it does not dissociate H"*" or 0H~ ions, a 
which is shown by its failure to act on indicators such 
litmus, or to conduct the electric current. It is soluble 
water in all proportions, has a burning taste, and boils 
64.5°. 

Methyl alcohol is the lowest member of a. homologous 
series of alcohols derived from the hydrocarbons of the 
methane series, the second member being ethyl alcohol 
CHa— CHsOH. 

Nomenclature of the Alcohols. — Certain of the 

more common alcohols have received special names which 

they retain aa the result of long usage. In the systematic 

nomenclature usually employed they are regarded aa 

■derivatives of carbinol or methyl alcohol. This system 

of especial utility in indicating the structures of 

• alcohols. Thus ethyl alcohol is methyl 

•binol, CHaCHjOH, and the two primary butyl al- 

ihols are propyl carbinol and iaopropyl carbinol. 

irther examples arc given in connection with the 

amyl alcohols (20). 

Another system of nomenclature which is frequently 
employed is that of using the name of the hydrocarbon 
with the same number of carbon atoms and employing the 
suffix -ol to indicate the alcohol. Thus methyl alcohol ia 
A; ethyl alcohol, ethanol; etc. 
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-;i;» "j" \''.u: •^-s: rivt? akt>hol5 to the cor- 

I 

:r-i.c:iriuiii^ i> :!i';-:rateil bv the followiag 



■ i i A^ 1 1 Methanol, carbinol 

'.'M, i.. H.Oil E:har.ol. methyl car- 

binol. 
.'4. v'!l, i.'irOH Propanol. ethyl car- 

binol. 
. ri CH: .CH.-OH Butanol. ':-Propylcar- 

-;i binol. 

^*.'U- C'lljOU L-iobutanol. Isopropyl 

' i- carbinol. 

. -l CIIJ3 CH,OH w-Pentanol. «-Butyl 

ciirbinol. 

..vvacl. '^thanvL ftuthj/l cnrhinol. — This is 

. v i v'Otaiiieil by fernic^ntHtion of sugar by 

. ^ '. all feriiieiited lic|ui(Is such as wine 

. ..ivic chiefly from potatoes, grains, 

»v ^uiivh is converted into sugar and 

, v . liul carbon dioxich*. The chemical 

>.;s process will l)c described in con- 

. ^.uiiiou of sugars (164). 

.vv\u\\l technically l)y distilling fer- 

. .s a liquid of agreeable odor, 

^ vi although the fermented liquids 

■,».; IS^'r ^^f alcohol, by carrying 

nictionating column alcohol of 

;v obtained. The fractionating 

, w hich a relatively large cooling 

AVii>id^'^*'^'^ time is allowed for 

^ less volatile liquid. There are 
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ordinarily placed in the vapors ascending from the still, 
obstructions such as glass beads or platinum gauze, to 
retard their escape, thus giving greater opportunity for 
the condensation of the higher boiling liquid of the mixture, 
which then runs back into the still. The lower boiling 
constituent escapes condensation and passes over into the 
receiver. 

On redistilling the alcohol thus obtained in an eflScient 
rectifying apparatus a product containing but 4% of 
water is obtained. This strength of alcohol is much used 
in the arts as a solvent. 

Absolute alcohol is obtained by treating 96 % alcohol with 
quicklime, which removes the water, forming calcium 
hydrate, Ca(0H)2. The alcohol is then rectified again. 
The product so obtained contains about .5 % of water. 
This is the conunercial absolute alcohol. Pure absolute 
alcohol is obtained by treating the latter with a small 
amount of metallic sodium or calcium and distilling again. 
Traces of water in alcohol can be readily detected by 
placing in it a small amount of copper sulphate from which 
the water of crystallization has been driven off by heating. 
This is a white powder. The anhydrous CUSO4 takes 
up even very slight traces of water from the alcohol and 
forms the deep blue hydrated salt. 

Among inorganic substances alcohol dissolves the halo- 
gens, sulphur and phosphorus to some extent, boracic acid, 
the hydrates of potassium and sodium, the chlorides of 
calcium and strontium, ferric chloride and mercuric 
chloride. It is also a solvent for many organic acids, bases, 
and neutral substances, the resins, soaps, and fats. Alco- 
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I in medicine aJ* 
Certain proteins oi 
II 70 *^ alcohol, but most 
r solutions by alcohol- 
MW soW without the pay- 
wfaicli is levied on all 
rl to be tax free must be 
^(irinking by the addition 
The regulations 
t of Interna! Revenue 
l» ot methyl alcohol and 1 
klWCts of alcohol. Another 
s the addition of 2 parts 
e.ui p^Tidine. 

uted in nature. SmaU 
t distillate from leaves, 
^^jUDus-rich soil. Traces 
Very small amounts 
I md tissues of animals. 
^ tar believing that in the 
■ normal physiological 
•diate product. 
Jl^ sodium reacts with 
^ iMidium ethylate and 
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Potassium acts violently on alcohol, forming potassium 

ethylate. 
16. Alcoholic Beverages. — There are two classes of 

alcoholic beverages in use: those which are the direct 

product of fermentation by yeast; and those which are 
prepared by distilling the fermented liquid, as molasses 
or extracts, prepared by conversion of the starches of 
certain grains, potatoes, etc., into sugar, and dissolving 
out the latter. The undistilled beverages contain much 
less alcohol than the distilled. 

Beer is prepared by fermenting malted {i.e. sprouted) 
grains. It contains 3 to 5 per cent of alcohol and derives 
its bitter taste from the addition of an infusion of hops. 

Wine and champagne are fermented fruit juices, prin- 
cipally grape juice. As fermented, a beverage never con- 
tains more than about 15 to 18 per cent of alcohol, but 
wines are frequently " fortified " by the addition of alco- 
hol to a content of 20 %. 

Whiskey is prepared by the fermentation of malted 
grains. After the fermentation by yeast is completed, the 
product is distilled and the distillate condensed. Ordina- 
rily it is twice distilled and water is added to the distillate 
to make a solution containing about 50 to 58 % of alcohol 
by volimie. 

Brandy is made by distilling wines or fermented peach, 
apple, or other juices. Its alcohol content varies from 
44 to 55 %. 

Gin is whiskey which has been distilled with aromatic 
substances such as juniper berries, anise seed, etc., which 
give it its peculiar flavor. 
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Rum is made from fermented molasses. It not infre- 
quently contains enough of the higher alcohols, butyl and 
amyl alcohols and their esters, to render it more toxic than 
ordinary whiskey prepared from grains. 

17. Higher Homologues of Ethyl Alcohol. — 

Ciiz CH3 — CH3 CHs — CH2 — CH3 

Methane Ethane Plopane • 

CH3— OH CHs— CHjOH CHff—CH,--CH,OH 

Methyl alcohol Ethyl alcohol Plopyl alcohol 

CH3— (CH2)2— CHs CHr-CCHj),— CHs 

Butane Pentane 

CHs— (CHj),— CH2OH CHs— (CHj),— CH2OH 

Butyl alcohol Amyl alcohol 

Being derived from the hydrocarbons of the CnH2n+2 
series by the replacement of H by OH these alcohols have 
the general formula CnH2n+iOH. Those derived from the 
normal hydrocarbons are normal alcohols. K the OH 
group is attached to an end carbon atom it is known as a 
primary; if to a secondary carbon atom, a secondary; and 
if to a tertiary carbon atom, a tertiary alcohol. Those 
derived from branched chain hydrocarbons are iso alco- 
hols, and may be primary or secondary : 

CH3— CH2— CH2OH CH3— CH(OH)— CH, 

Primary propyl alcohol (normal) Secondary propyl alcohol (isopropyl alcohol) 

18. The Butyl Alcohols. — C4H9OH. 

Specific 
BoiUNO Gbavitt 

Point at 20" 

1. CHa— CH2— CH2— CH2OH 117^ .810 

Normal butyl alcohol (primary) 
(Propyl carbinol) 
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2. CHj . 

>CH— CH2OH 107° .806 

. CHa ^ 

Isobutyl alcohol (primary) 
(Isopropyl carbinol) 

3. CH3 — CHaN^ 

>CHOH 100^ .808 

CHsX 
Normal secondary butyl alcohol 
(Methyl ethyl carbinol) 

4. CHaV 

CHs^COH 83^ .786 

CH3/ 

Tertiary butyl alcohol 
(Trimethyl carbinol) 

Normal primary butyl alcohol occurs in fusel oil to a 
small extent, but has little biological importance. It is 
produced, . together with a number of other products, by 
BaeiUus butylicus, growing on glycerin and various sugars 
and related substances (see butyric acid fermentation, 
164). 

The most important butyl alcohol is isopropyl carbinol. 
It is produced by yeasts during fermentation of sugar 
into ethyl alcohol and carbon dioxide. It has its origin 
not from sugar, but from one of the protein digestion 
products, valin. It is formed in relatively large amounts 
when potatoes are malted and fermented by yeasts, be- 
cause the mother substance valin (73) is present in 
greater amount than in the malted grains. 



y 
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'I'he rt'inaiiiiiig two butyl alcohols have been prepared 
syuthotioully, but do not occur in nature. 

Phyxnological properties. — The butyl alcohols are all 
distinctly iH)isonous both to plants and animals. The 
toxic action of monatomic alcohols increases with higher 
cttrlH)u content and with increasing molecular weight. 
This is the Rule of Richardson. The normal primary al- 
cohol is more toxic than isopropyl carbinol, and the latter 
is more toxic than secondary and tertiary butyl alcohols. 

19. The Amyl Alcohols. — 

as "^^ 

I. NuiuuU priiuary CHa-CHj-CHj-CHj-CHiOH 138° .817 
^Init.vl i*url»iiu»l) 

J. Irinluilvl rurbiiuil />it v 

,iuiuuu.v) J,[j»^CH-CH2-CHiOH 130° .810 

vA( itM' iim,\l ali'oiukl) 



128° .816 



i. :ho.iuUi.v l.utyl p^'NcH-CHjOH 

1 I villain UutM ^'H8->C-CHiOH 113° — 

. \U Jyli.u.^..Nl ^HOH^ 119° — 

\t'.iu'l ; .i,«u\liM,\^ Vila Clla— CHa 



V.X -y!. (...l.^l VU, )H"H0H 112° .819 
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^•^wTl^*^ S^-OH 102° - 

carbinol (tertiary) CIL-CH / 

The only two amyl alcohols which are of any great un- 
portance in biological processes are primary isobutyl carbinol 
and secondary butyl carbinol. These both occur in fusel oil 
through the life processes of yeasts, and, like isobutyl alco- 
hol, are derived from the cleavage products of proteins (76). 

Physiological Properties. — All have disagreeable smells 
and produce headache. Normal amyl alcohol is about 
four times as toxic as ethyl alcohol. A .5 % solution 
quickly destroys infusoria, and a 1 % solution kills algae 
within a day. In dilutions as great as .1 % certain bac- 
teria can use it as a source of carbon. 

A saturated (2.5 %) solution of isoamyl alcohol exerts a 
powerful bactericidal action. The toxicity of the amyl alco- 
hols is distinctly greater than that of the lower members of 
the series. A^n solution is as destructive to B. pyogenes 
as a A^ solution of butyl, a ^n solution of propyl, a lAn 
solution of ethyl, and a 2in solution of methyl alcohol. 

20. Isomerism of the Amyl Alcohols. — One of the amyl 
alcohols, secondary butyl carbinol, also called active or 
fermentation amyl alcohol, presents a very interesting case 
of isomerism. Three isomers of this one alcohol are known, 
but they have all the same chemical and, with a single 
exception, the same physical properties. This exception 
is foimd in their action on polarized light. The ray of 
polarized light may be likened to a ribbon of light, as con- 
trasted with a ray of ordinary light the waves of which 
are vibrating in every direction at right angles to the path 
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of the ray. In the polarized ray the vibrations all lie in 
the same plane. When such a ray is passed into either 
of two of these amyl alcohols the ray is rotated by one of 
them to the right and by the other to the left. One is said 
to be dextrorotatory, the other levorotatory . The third pro- 
duces no rotation at all. Two are said to be optically active ; 
the other, inactive. The effect is as if the ray had received 
a twist in passing through the optically active substance. 
Now these two active isomers when treated with gaseous 
HI are transformed into two optically active amyl iodides, 
and the inactive one into an amyl iodide which is not 
optically active. 



CHsV/H 
CH3— CH2/^\CH20H 



+ HI CH. H 

^ }C<^ + H2O 

CH3 — CH2 CH2I 

The amyl iodides, like the alcohols from which they were 
derived, have identical chemical and, except in their be- 
havior toward polarized light, the same physical properties. 
Suppose we consider the iodide which is derived from lem- 
rotatory amyl alcohol, which is the important one from the 
biological standpoint. If it be converted into pentane 
by the action of nascent hydrogen, which removes the 
iodine, replacing it by H, there results a pentane which is 
optically inactive : 

CH3\ /H +2H CHaX /H 

CH3— CH2/ \CH2I CHr— CH2/ \cH, 

Active Inaotive 
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On the other hand^ if this iodide is caused to react with 
ethyl iodide in the presence of sodium, there is produced a 
heptane which is optically active : 

CHaX /H 
CHa— CH2/"\cH2l + 2Na + ICH2— CH3 

CHs— CH2/ \CH2— CHj— CHj 

Methyl-ethyl-propyl-methane 
(Active) 

If the above reaction is carried out with methyl iodide 
instead of ethyl iodide there is formed a hexane which is 
optically inactive : 




< 



/H 

\CH2I + 2Na + ICH3 




CH3 — CH2/ \CH2 — CH3 

Methyl-diethyl-methane 
• (Inactive) 

An inspection of these formulas shows that those com- 
pounds are optically active in which each of the bonds of 
affinity of one carbon atom is linked to different groups or 
atoms. Whenever two bonds of this carbon atom are 
linked to the same kind of group (as two methyl or two 
ethyl groups) the optical activity is lost. 

Van't Hoff first discovered that optically active com- 
poimds have in general 'at least one carbon atom which is 
o 
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linked to four different atoms or radicak. He gave the 
name " as^uimetric " carbon atom to one so linked. 

Van't Hoff further showed that the existence of three 
isomers must necessarily result from, the structure of an 
asymmetric carbon atom, if the assumption be correct that 
the four valences of the carbon atom are directed as to- 
ward the four solid angles of a regular tetrahedron^ the 
carbon atom itself occupying the center of the figure. 

b b 

^ /i 





a*s^ /-/ 



Fio. 8. 



Fio. 9. 



With such an arrangement there must result two kinds of 
molecules which resemble each other in the same way as 
the right hand resembles the left, or as an object resembles 
its reflection in a mirror. If such molecules be represented 
as mirror images (Fig. 8 and Fig. 9) it will be seen that on 
turning one so that the a and h in both figures coincide, 
the c and d of one will not coincide with c and A of the 
other. If now Figure 8 rotates the plane of polarized 
light to the right, Figure ? will rotate it to the left be- 
cause of its opposite handed structure. This isomerism in 
space is termed stereochemical isomerism or sterecrisomerism. 
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For simplicity the fonnute of asymmetric compounds 
are written as if all the atoms or groups lie in the same 
plane. The belief that the atoms and groups in the com- 
pounds under discussion do not lie in the same plane is 
supported by the fact that compounds containing but 
two dissimilar groups, as C dabb, do not exist in two iso- 
meric forms. If all were in the same plane two arrange- 
ments, like Figure 10, would be possible, which must lead 
to different physical properties because in the one case 
like groups are separated by unlike ones, while in the other 
like groups are adjacent to one another. No isomers of 
this type have ever been observed, although there are 
known a large number of compounds of the general for- 
mula €0262. 

a a 



a—C—b b^-C—b 

I I 

b Fig. 10. a 

The third isomer of this amyl alcohol is a mixture of 
equal numbers of molecules of the right-and left-handed 
varieties. The influence of one-half of the molecules in 
rotating the plane of polarized light in one direction is 
exactly coimteracted by the opposite rotating power of 
the other half, with the result that it appears to be 
without optical activity. When an excess of one optical 
form exists in a mixture of the two optically active vari- 
eties, this part^exerts its effect and the mixture becomes 
optically active in proportion to the excess of one variety 
over the other. 
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This type of isomerism is of great significance in biology, 
since with but few exceptions the organic compoimds which 
play important roles in the life processes of plants and 
animals possess this type of asymmetry. 

21. The Higher Alcohols. — One of the higher homo- 
logues of methyl alcohol which should be mentioned, is 
normal hexyl alcohol, CH3— (CHz)*— CH2OH (B. P. 157°) 
which occurs in the oil of the seeds of Heracleum gigan- 
teum, in the oil of the fruit of several plants, and in slight 
amount in fusel oil. The following are also biologically 
important : 

Normal heptyl alcohol CH3— (CH2)5— CHiOH B. P. 176° 

Normal octyl alcohol CH3— (CH2)6— CHiOH B. P. 196** 

Nonyl alcohol CH3— (CHz)?— CH2OH B. P. 213** 

Dodecyl alcohol CH3— (CH2)io— CH2OH M. P. 24r-26° 

Cetyl alcohol CH3— (CH2)i4— CHgOH M. P. 49** 

Octadecyl alcohol CH3— (CH2)i6— CHiOH M. P. 59** 

Carnaubyl alcohol CH3— (CH2)22— CH2OH M. P. 68° 

Ceryl alcohol C26H53OH 

Myricyl alcohol CsoHeiOH 

The higher alcohols, Cs to Cis, are found in various plant 
oils in small amounts usually combined with organic acids, 
as esters (28). Cetyl alcohol occurs as a constituent of 
spermaceti, an animal wax derived from the sperm whale, 
and in the oil secreted by water birds for lubricating their 
feathers. 

Ceryl alcohol is an important constitutent of many 
waxes, as Chinese wax, beeswax, etc. 

Myricyl alcohol is likewise a very conmion constituent 
of waxes. (See waxes, 96.) 
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22. The Diatomic Alcohols. — It has been found im- 
possible to prepare in the isolated state compounds of the 

XH .OH 

such as H2C<(^ for the reason that 
H X)H 

they are unstable and as soon as formed they separate a 

molecule of water with the formation of a new class of 

compounds, the aldehydes. These will be treated more 

fully later (30). 

There are, however, many examples of compounds which 

contain more than one alcohol radical. The simplest 

CH2OH 
of these is ethylene glycol or glycol \ • It is formed 

CH2OH 

in a manner analogous to monatomic alcohols, viz., by the 

action of water or metallic hydroxides on ethylene halogen 

derivatives (6). Ethylene chloride is too stable to react 

with water directly even under pressure, but ethylene 

bromide will react when heated in a sealed tube with 

water, forming glycol and hydrobromic acid : 

CH2Br HOH CH2OH 

I + =1 +2HBr. 

CHjBr HOH CH2OH 

Glycol is a colorless liquid, readily soluble in water, 
and has a sweet taste. It boils without decomposition 
at 197** and solidifies in a freezing mixture. Its melting 
point is — 11.5** and its specific gravity at 0° is 1.125, water 
being 1.000. It is therefore heavier, volume for volume, 
than any of the monatomic alcohols, which are all lighter 
than water. 
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long standing at low temperatures it solidifies, and the crys- 
tals thus formed do not melt below 17®. It boils at 290® 
but undergoes some decomposition. Under reduced pres- 
sure it can be distilled without decomposition. At 12 nmi. 
it distills at 170®. It is slowly volatile with water vapor. 
Its specific gravity at 15® is 1.265. Its chemical behavior 
is in accord with the theory that it is a triatomic alcohol. 
Thus when glycerol is slowly dropped into a mixture of 
concentrated sulphuric acid and fuming nitric acid trinitro- 
glycerol, usually called nitroglycerine, is formed. The sul- 
phuric acid facilitates the reaction by its affinity for water, 
which it withdraws from the system as soon as formed : 

• 

CHjOH CHjNQ, 

I I 

CHOH + 3 HNOi = CHNQ, + 3H,0 



CH2OH CH2NQ, 

Nitroglyoerine 

Nitroglycerine is a heavy colorless oil when pure, but 
usually has a yellow color. It is sweet to the taste and is 
extremely poisonous, acting chiefly on the central nervous 
system. It is employed in medicine for its action on the 
heart and is directly injected into the blood as a remedy 
in case of carbon monoxide poisoning. When heated to 
180® it explodes. Its explosion can be induced by a sharp 
blow. The principal use of nitroglycerine is as an explo- 
sive. When absorbed by certain porous substances, as 
sawdust, clay, wood pulp, etc., it forms dynamite. Mixed 
with nitrocellulose, vaseline, and acetone, it forms the 
smokeless powder called cordite. 
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Glycerol, like other compounds containing several 
hydroxyl groups, dissolves alkalies and oxides of the heavy 
metals, forming compounds analogous to the alcoholates. 
The hydrogen atoms of the OH groups are in these replaced 
by the metal. The structure of such compounds may be 
illustrated by the following formula : 



CH2OH CH2O 

Cu 
CHOH + Cu(0H)2 = CHO + 2 H2O 



> 



CH20H CH20H 

With basic lead acetate and anmionia glycerol forms an 
insoluble lead glycerate. 

When heated with hydrochloric acid, glycerol reacts 
with the formation of water and the replacement of one or 
two hydroxyl groups by chlorine : 

CH2OH CH2CI 



CHOH + HCl = CHOH + H2O 



CH2OH CH2OH 

Monoohlorhydrin 

CH2CI CH2CI 

I I 

CHOH + HCl = CHOH + HjO 



CH2OH CH2CI 

Diohlorhydrin 

This reaction cannot be effected by the use of hydriodic 
acid, since the latter acts as a strong reducing agent, owing 
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to the great tendency it shows to separate free iodine^ thus 
making available nascent hydrogen for the abstraction of 
oxygen. Thus on heating glycerol with five molecular 
equivalents of hydriodic acid, isopropyl iodide is produced: 

CH2OH CHs 



CHOH + 5 HI = C HI + 3 H2O + 4 1 

I I 

CH2OH CHs 

Isopropyliodide 

Under carefully regulated conditions this reaction is 
nearly quantitative, and on the measurement of the iodine 
in the isopropyl iodide produced from a sample depends the 
quantitative estimation of glycerol proposed by Zeisel and 
Fanto. 

Glycerol is readily oxidized, i,e, it exerts a reducing ac- 
tion (abstraction of oxygen) on Fehling's solution even in 
the cold, owing to its conversion into glyceraldehyde (36). 

26. Erythritol or Erythrite, 

CH2OH— (CH0H)2— CH2OH, 

exists in nature in certain algse. 

27. The Sulphur Alcohols. Mercaptans. — Just as the 
alcohols are derivatives of water, formed by replacing one 
of the hydrogen atoms by an alkyl group, so also there 
exists a class of compounds of analogous constitution 
derived from hydrogen sulphide. These are known as 
thio-alcoholat viercaptan^, or alkyl sulph-hydrates : 

H-(V- H R-O-H H— S— H R— S— H 

Water Aloohol Hydro|[en Mercaptan 

sulphide 
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They are fonned by wanning a,\kyl halides with potas- 
sium sulph-hydrate in concentrated aqueous or alcoholic 
solution : 

C2H J + KSH = QHfiSH + KI 

Me^captan 

Methyl mercapktn, CH3SH, is a gas. B. P. 6°. It is 
produced by the action of anaerobic bacteria on proteins, 
being one of the products of putrefaction. It has a dis- 
gusting odor. It is a constituent of intestinal gases. 

Ethyl mercaptan, CHj — CH2SH, is a liquid with an 
extremely obnoxious odor ; B. P. 36°. It reacts \^4th so- 
dium^ forming QH^Na, analogous to sodium alcoholate. 




CHAPTER III 

ESTERS AND ETHERS 

28. Esters. — When alcohols are treated with acids 
which have a strong affinity for water, a reaction may take 
place in which a molecule of water and a new compound 
called an ester are produced. Thus the action of bydri- 
odic acid on alcohol with the production of an alkyl 
halide (20) is representative of a general type of reac- 
tion. Thus : 

(a) CH3— CH2OH + H(\ CH3— CH2— 

>S02 = 

HCK H 

Alcohol Sulphurio Ethyl sulphuric acid 

acid 

Compounds of the type of ethyl sulphuric acid are 
known as ethereal acids. 

(6) 2 C2H5OH + H2SO4 = CH3— CH2— Ov 

>S02+2H20 
CH3— CH2— 0/ 

Diethyl sulphate 

Diethyl sulphate is a neutral ester. 
These compounds can also be formed by the action of the 
silver salts of the acids on the alkyl iodides : 

/OAg ICH3 CHsOv 
S02< + = >S02 + 2 Agl 

X)Ag ICH3 CH,(X 

Silver sulphate Methyl Dimethyl 

iodide sulphate 

44 
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Diethyl sulphate is a colorless oily liquid possessing a 
peppermint odor. It is insoluble in water: It boils at 
208**. It is readily hydrolysed, i.e. broken up with the 
entrance of water into the compound, but the original 
substances, alcohol and sulphuric acid, from which it was 
formed, are not regenerated. Instead diethyl ether is 
produced (29). 

(c) 

CHs — CHi'^'T-Ov 

\^ >S02 +HOH = CjHb— O— QHs +H2SO4 

CH» CH2— (K\ Ethyl ether 

The structure of diethyl sulphate is also shown by its 
fonnation from alcohol and sulphuryl chloride, SO^CU. 

KCl HOCjHs /OC2H5 

+ =S02< +2HC1 

CI HOC2H5 X)C,Hj 

((2) Ethyl Sulphuric Acid is a strongly acid liquid of 
an oily character and possesses no odor. It is soluble in 
water in all proportions. It is obtained by mixing alcohol 
with strong sulphuric acid. The calcium and barium salts 
are soluble while barium sulphate is insoluble. The 
solution containing ethyl sulphuric acid, alcohol, and sul- 
phuric acid is neutralized with BaCOa and the BaS04 
filtered off. On adding just enough sulphuric acid to 
combine with the barium in the filtrate the barium is 
removed and free ethyl sulphuric acid is left in solution. 
It is not very stable, decomposing slowly into alcohol 
and sulphuric acid in the presence of water at ordinary 
temperatures and quickly on boiling. Potassium ethyl 
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It is a liquid which boils at 66°. It has a pleasant odor. 
It is soluble in water 

Ethyl nitratey CH3 — CH2O — NO2, is produced directly 
from its components and resembles methyl nitrate. It 
boils at 86°, has a sweet taste, but a bitter after taste. 
It is soluble in alcohol and ether. 

Both of these substances are explosive when heated 
quickly. 

Amyl nitrate, C6H11ONO2, is prepared in an analogous 
manner. It is a colorless liquid which boils at 148°. 

(h) Two esters of nitrous acid are important because 
of their pharmacological properties. They are ethyl nitrite, 
which is frequently called nitrous ether. It is a gas which 
boils at - 12°. 

C2H5OH + HONO = C2H5ONO 

Nitrous acid Ethyl nitrite 

It is employed in solution in ethyl alcohol (15%). 

Amyl nitrite boils at 99°. Its physiological action is 
distinct from that of amyl nitrate. 

29. Ethers. — Just as a molecule of alcohol and one 
of an acid can be condensed with the formation of one of 
an ester and one of water, so two molecules of alcohol can 
be condensed with the loss of water to form an ether : 

(a) Alcohol + Acid = Ester + Water 



(6) CH3 IOH+HI OCH3 = CH3— O— CH3 

Methyl ether 

The formation of ethyl ether, which is the most common 
one and is usually referred to as ether, has been described 
in connection with the hydrolysis of the ester diethyl sul- 
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phate (28 c). In practice it is prepared by dropping alco- 
hol continuously into a solution of ethyl sulphuric acid 
heated to 140-145° C. 

C2H6— Ov 

NsQz + H2O = C2H6— O— C2H5 + H2SO4 

C2H6— (X 

Ha C2H5OV 

2 C2H5OH + ySOi = ^02 + H2O 

H(/ C2H5(X 

Diethyl sulphate is alternately formed and decomposed 
and the ether distills over, together with some alcohol and 
SO^. From this it would appear that since the sulphuric 
acid is constantly being regenerated it should act over and 
over again so that a small amount should induce the fonna- 
tion of ether indefinitely. This is not the case, for the 
following reason: With the formation of each molecule 
of ether there is likewise produced a molecule of water. 
Now ethyl sulphuric acid is readily hydrolyzed to alcohol 
and sulphuric acid in the presence of water, and in any 
solution containing these three substances there will be 
established a state of equilibrium in which there will exist 
a definite nelationship between the amount of alcohol, 
ethyl sulphuric acid, sulphuric acid, and water. Increas- 
ing the concentration of alcohol will cause the formation 
of more ethyl sulphuric acid, while adding water causes 
the saponification of some of the ethyl sulphuric acid into 
its components. The water which is produced in the for- 
mation of ether distills over to some extent, but a part 

B 
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remains behind in the still. This tends therefore to cause 
a progressive decrease in the amount of ethyl sulphuric 
acid in the flask, so that after a time little or no ether is 
formed. Instead the alcohol distills over as fast as added. 
The latter is removed from the distillate by neutralizing 
the H2SO3 with milk of lime. The alcohol piEisses princi- 
pally into the water layer, and the ether, which is sepa- 
rated from the water layer in a separatory funnel, is again 
distilled. 

The last traces of water and alcohol are removed from 
ether by placing in it granulated calcium chloride, which 
has a strong aflBnity for both these substances. 

Ethyl ether boils at 34.97°. It has an agreeable odor. 
Prolonged breathing of it causes loss of consciousness. 
It is much employed in surgery as an ansesthetic. One 
volume dissolves in 11.1 volumes of water at 25®, and 
ether dissolves water to the extent of about a 2% 
solution by volume at 12°. It is much less soluble in a 
saturated salt solution. With air ether vapors produce 
highly explosive mixtures. Great care should be exer^ 
cised therefore in handling ether wherever there is a 
possibility of ignition, as during distillation. It is best 
to place the distillation flask in hot water and to dis- 
pense with a flame. A small flask should fce employed 
and fresh portions of ether added from time to time, 
as the distillation proceeds. Small receivers frequently 
emptied are preferable to one large one. 

Ether dissolves a great variety of chemical substances 
and is indispensable as a solvent in chemical work. In 
many instances substances can be separated from complex 
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mixtures by extracting a water solution with ether. This 
depends upon the fact that when a substance is soluble 
in two liquids which do not mix, as ether and water, it 
wiU, when water and ether are shaken together and then 
allowed to separate into two layers, distribute itself 
between the ether and the water. If now the ether be 
separated from the water by means of a separatory funnel, 
and fresh ether shaken with the water, a division of the 
dissolved substance will again take place. In this manner 
by shaking repeatedly with fresh portions of ether the 
water solution becomes progressively poorer in the dis- 
solved substance. The ether on evaporation leaves behind 
the material which it contained. 

The constitution of the ethers is further shown by their 
formation from an alcoholate and an alkyl halide : 



CgHsOlNa+IjCaHs = C2H5— O— CaHg + Nal 



Sodium ethylate 

This reaction serves to show what actually happens 
when sodium reacts with an alcohol (15). There are two 
possibilities. The sodium might replace one of the hydro- 
gen atoms which is linked with carbon, or that one which is 
Unked to oxygen. If the former were true, we should have 
formed a compoimd of the following structure : 

CH3— OH + Na = NaCHaOH 

On causing this to react with an alkyl iodide there 
should be formed a higher alcohol: 

CHal + NaCH2-OH = CH3— CH2— OH + Nal 



52 Organic Chemistry for Students of Medicine 

The formation of ethers in this way proves that in these 
the two alkyl groups are linked together through oxygen. 
This is called Williamson's reaction, after the name of its 
discoverer. 

If to the mixture of alcohol and sulphuric acid (contain- 
ing ethyl sulphuric acid) there is added, beginning just 
before distillation commences, an alcohol other than ethyl 
alcohol, a mixed ether will result. In this way numerous 
ethers containing different alkyl radicals can be produced. 

C2H5— a 

NsOj +H0C6Hn = CaH^r— O— CfiHu +H2SO4 

X Amy! alcohol Ethyl amy\ ether 

This furnishes further evidence that the steps in the 
formation of ether are as described above. 



CHAPTER IV 

THE ALDEHYDES AND KETONES 

30. Oxidation Products of the Alcohols. — It has long 
been known that alcohol-containing solutions, as fer- 
mented cider, wine, or beer, soon become sour when 
exposed to the air in open vessels at room temperature. 
Vinegar is formed through the change of alcohol into 
acetic acid. In the absence of oxygen this change does 
not take place, and it is greatly accelerated by thorough 
aeration of the solution, as by causing it to pass through 
porous material. The oxidation is not spontaneous, but 
results from the growth in the solutions of a microorganism 
Mycoderma aceti, or " mother of vinegar.'' If the vessel 
containing the alcoholic solution which is undergoing this 
change admits but an inadequate supply of air (oxygen) 
there accumulates an intermediary product known as 
aldehyde or, from its relation to acetic acid, acetaldehyde. 

The change which takes place in these processes is 
shown by the following equations: 

CHs— CH2OH + = CH3— CHO + H2O 

Acetaldehyde 

CH,— CHO + O = CHy— COOH 

Acetic acid 

Oxygen of the air (molecular oxygen) cannot effect this 
oxidation, except through the agency of an " oxygen 
carrier," or catalyzer, which " activates " it. This action 

53 
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is brought about by the presence in the acetic acid organ- 
ism of oxydases. 

Numerous examples are known of the activation of 
molecular oxygen through the agency of inorganic cata- 
lyzers. Thus a mixture of hydrogen and air is stable at 
ordinary temperatures and can be left for a long period 
without the hydrogen and oxygen combining to form 
water. If a platinum spiral be introduced into such a 
mixture, the volume of the gas mixture will decrease 
noticeably and the platinum grow warm. The hydrogen 
and oxygen will now rapidly combine. If instead of a 
platinum spiral very finely divided metal, platinum sponge, 
be employed, the two elements may combine with explo- 
sive violence. 

Another example of the eflFect of an inorganic catalyzer 
is seen in the technical process of converting methyl alcohol 
into formaldehyde. Air and methyl alcohol in the proper 
proportions to supply oxygen for the oxidation of the alco- 
hol form a relatively stable mixture. It can be heated to 
a relatively high temperature without any oxidation taking 
place. If however a copper gauze which has been oxi- 
dized on its surface be warmed gently and the air-alcohol 
mixture passed slowly over it, the oxidation of the alcohol 
is rapidly efifected, water and formaldehyde being formed. 
The heat generated by the oxidation serves to keep the 
copper in a glowing condition : 

CH3OH + O = HCHO + H2O 

Formaldehyde 

The exact nature of the process by which these accelera- 
tions of reactions is brought about is not known with cer- 
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In this reactiOQ the suli^uric add first reacts with the 
potassium cfarcMiiatey forming chromic acid : 

OH 
KiCiOi + H,S04 = KaS04 -r CrC^ 

OH 

The dux)miuni in the chromic acid gives up its oxA'gen 
to the alcohol, passing from the hexavalent to the tri\'aleiit 
state. 

The green color of the chromous sulphate and the fruity 
odor of the aldehyde are so characteristic that this reaction 
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The primary alcohols, the aldehydes and corresponding 
acids are derived from the hydrocarbons by the substitu- 
tion of a hydrogen atom linked to a primary carbon atom 
by the following groups : ^ 

I I /- 

— C— OH C=0 — C 

.J J \ 

Carbinol groim Carbonyl CiU 

(Alcohol) Moup ^^ 

(Aldehyde Carbozyl groiq) 
or Ketone) (Acid) 

The behavior of these groups when acted upon by PCU 
™ows further light upon their structure. Thus the alco- 
hols yield, as already pointed out, alkyl halides, the OH 
^ing as a unit and being replaced by CI, a monovalent 

element. When PCI5 acts upon aldehydes, the oxygen 

• 

Js replaced by two CI atoms forming dichlor hydrocarbons. 
With the organic acids PCI5 replaces the OH group as in 
the alcohols and leads to the formation of add chlorides: 

QSr--C¥kOR + PCI5 = CH3— CH2CI + POCI3 + HCl 

Ethyl chloride 

CH,-CHO + PCU = CHs— CHCI2 + POCla 

Ethylidene chloride 

CH,— COOH + PCU = CH3— COCl + POClj +HC1 

Acetyl chloride 

32. Properties of the Aldehydes. — (1) The aldehydes 
are characterized by exceptional chemical activity. They 
are easily oxidized, slowly by contact with the air and 
quickly by oxidizing agents such as chromic acid. They 
possess therefore marked reditcing properties, and abstract 
oxygen from the oxides of the noble metals. They reduce 
an ammoniacal solution of silver oxide or silver salts, cau&- 
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V ..V .A .>.wK»ii v'i :iu'taIlio silver. Some of the aldehydes 
w .. .N^ t^.iivf .likaliiif i-vpper solutions, especially 
.v.^».vv * >«.\iiutn hydmxide. This property is 
..»»,*vu«*^i'v' A:;d delicate to be of use as a 
, . .\ .vv*.v.: -^ kiui i-^timating aldehydes (Fehling's 

•K .v:v*it\vic> .i,-\' easily reduced by nascent 

. ^. . V ;v >*iiui* ■,»n»iiiry alcohols from which they 

t, .HO . :n =CH3CH20H 

, . >..v. rwv» .lichlor derivatives of the t>T)e 

s . vv%KiK>us: \^ii) Aldehydes react ^dth 
;v ..:^ \ \ .lUK' iicid to form addition products. 
.; iv»\ > ioruK\l: OH 

/ 
. ,v^ IIMU -nU— CH 

NH2 

Akltthyde ammonia 

.c wvvioa v»t' :Jdehyde and HCN is of 

,v VV.UUA' it fi>ruis a method of building 

v***kvis which are at the same time 

OH 
/ 

CN 

._. -^ I'ljiklil:^ transformed into 



The Aldehydes and Ketones 



59 



(b) Upon heating with alcohols, stable ethers — the 
" acetals " — are formed : 



CH^CH 




O— CHj— CH, 
O — CHg — CHg 



= CHa— CH(OC2H6)j + HjO 

Aoetal 



CHr-CK 



This reaction would lead to the supposition that the 
aldehydes could react with water to form dialcohols hav- 
ing both of the OH groups linked to one carbon atom : 

OH 
OH / 

= CHa— CH + HjO 
OH \ 

OH 

Ethylidene glycol 
(Hjrpothetical) 

This same compound, the hypothetical ethylidene glycol, 
we should expect to be formed when ethylidene chloride 
is heated with water : 




CHa — CH 




OH. 
OH / 

= CH3— CH 
OH \ 

OH 



+ 2HC1 



This does not appear to be the case. If it is formed its 
existence is but momentary, the compound being immedi- 
ately broken down into the aldehyde and water : 

\0H 

A 

CHs— CH \ — ^ CHs— CHO + HjO 

w 

OH 
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From such considerations the conclusion may be drawn 
that two hydroxyl groups cannot as a rule exist bound to 
the same carbon atom. A molecule of water is separated 
and an oxygen atom becomes bound to the carbon atom 
by both its aflBnities instead. When several negative 
atoms in the radical are introduced in place of hydrogen 
such hydrates can exist. Thus trichlor acetaldehyde, 
commonly called chloral, combines with water to form 
chloral hydrate: 

xm 

CCI3— CHO + HOH = CCI3— CH<( 

\)H 

Chloral Chloral hydrate 

This compound does not behave like a diatomic alcohol, 
however, but like the aldehyde from which it was derived, 
owing to the ease with which water is separated. 

(5) The aldehydes polymerize readily. By polymeriza- 
tion is meant the transformation of a compound into an- 
other having the same percentage composition with respect 
to the elements, but with a molecular weight which is a 
multiple of that represented by the simplest formula, 
lu the case of formic aldehyde this change is spontaneous 
at the ordinary temperatures. Acetaldehyde does not 
polymerize so readily, but the change is brought about by 
the pre^seuee of traces of hydrochloric, sulphuric, or sul- 
phurims ueid, zinc chloride, etc. The reason for their 
catalytic ett'ect is unknown. 

AUkiilics iuduee a different kind of polymerization of 
aldehydes, leading to the formation of aldehyde resins. 
1?V av<?taldehyde this is reddish brown in color, insoluble 
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in water, but soluble in alcohol, and gives off a peculiar 
odor which is characteristic. 

Fonnic aldehyde, on the other hand, in the presence 
of alkali shows the phenomenon known as the Cannizarro 
reaction, in which through the action of water one molecule 
of aldehyde is oxidized to acid, and another is reduced 
to an alcohol, thus : 

2 HCHO + H2O = CH3OH + HCOOH 

Formic acid 

(6) The aldehydes show a tendency to form condensa- 
tion products in which two molecules combine with a 
rearrangement of the bonds of the carbon atoms, a hydro- 
gen atom of one molecule changing its linkage from carbon 
to oxygen with the formation of a hydroxyl group. Thus 
when aldehyde stands in contact with acids or alkalies it 
undergoes what is known as the aldol condensation. 
There is formed /8-oxybutyric aldehyde : 

CH3CHO+CH2H— CHO= CH3— CH(OH)— CH2— CHO 

^-oxybutyric aldehyde (Aldol) 

This property of the aldehydes is of fundamental im- 
portance in biology, for the formation of carbohydrates, 
fats, proteins, etc., which occur in the animal and vege- 
table kingdoms. 

Formic aldehyde does not condense through the influ- 
ence of acids, but does so readily through the influence 
of very weak alkalies, even calcium carbonate greatly 
accelerating the action. The condensation products of 
formaldehyde will be considered in detail in connection 
with the synthesis of the sugars (151). 
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(7) With hydroxylamine, NH2OH, aldehydes condense 
to form aldoximeSy water being fonned in the reaction: 

CH3CIIO + NH2OH = CH3— CH=:N— OH + H2O 

(8) With hydrazine, NH2 — ^NH2, or its substitution 
prcxlucts, aldehydes condense to fonn hydrassones, com- 
pounds containing two nitrogen atoms: 

CIIsCIIO + NH2— NHR = CH3— CH=N— NHR + H2O 

(9) The aldehydes react with sodium bisulphite to 

form crystalline compounds which are readily soluble in 

water, but sparingly so in alcohol. These are looked upon 

as sulphonic acid esters of the hypothetical ethylidene 

glycol : 

OH 

/ 
CH3— CHO + HOH = CH3— CH 

\ 
OH 



OH HI O 

/ \^ 

CH3— CH + S =CH3— CH(OH)— (SQ3Na)+H20 

\. >/^ Aldehyde sodium bisulphite 

OH NaO O 

Such compounds are easily broken up on warming with 
a solution of sodium carbonate, with the re-fonnation of 
aldehydes. These compounds are of great importance, 
therefore, in the isolation of aldehydes. 

Nomenclature. — The aldehydes are named from the 
hydrocarbons from which they are derived with the ter- 
mination -a/. Several of the more important ones have 
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long had names which do not correspond to this sys- 
tem of nomenclature. 

33. Formaldehyde.— H — C^ (Methanal). Results 

from the regulated oxidation of methyl alcohol, employing 
a glowing platinum or copper spiral as a catalyzer (30). 
Other oxidizing agents acting on methyl alcohol do not 
yield the aldehyde. Instead the oxidation goes farther, 
formic acid being produced (60). It is a gas which when 
cooled strongly condenses to a liquid which boils at — 21°. 
Formaldehyde is formed by the direct union of hydrogen 
and carbon monoxide under the influence of the silent 
electrical discharge. At 600° C. it is again dissociated 
into hydrogen and carbon monoxide : 

_^C=0+H2 



o=c< 



This is an example of the change of carbon from the 
divalent into the tetravalent state and vice versa. This 
type of change in the nature of carbon will be further treated 
under the isonitriles (40). Formaldehyde is supplied com- 
mercially as a 40 % solution known as formalin. 

Formaldehyde is a powerful poison by reason of its 
power to react with the proteins of the tissues, destroy- 
ing their special properties as components of the living 
protoplasm. It is employed in disinfection and in the 
preservation and hardening of anatomic specimens. 

With anunonia it forms hexamethylenetetramine, or 
urotropin, a feebly basic crystalline solid, soluble in 1.8 
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parts of water and 10 parts of alcohol. (Sometimes also 
called aminoform and cystamin.) 

6 CH2O + 4 NH3 = (CH2)6N4 + 6 H2O 

It is employed internally in medicine as an antiseptic. 
It is absorbed without decomposition and passes through 
the kidneys in great measure unchanged, but the urine 
after its administration frequently contains traces of 
formaldehyde. 

Polymerization of formaldehyde. — According to the 
conditions formaldehyde polymerizes in different ways. 

Paraformaldehyde is formed when formalin is evapo- 
rattxl on a water bath. It is a white solid which melts 
at about 153° and on strongly heating evolves formalde- 
hyde. It is looked upon as (CH20)2. 

Trioxy methylene (CH20)3 is a white crystalline com- 
pi>und which separates from solutions of formaldehyde on 
standing. This substance differs from paraldehyde in 
that it iloes not dissolve in water, alcohol, or ether. It 
irt formed spontaneously when formaldehyde solution is 
allowtnl to evaporate at ordinary temperatures. It passes 
into fornuililehyde again on heating. 

FontuKse (('ll2())6 is a condensation product resulting 
inm\ the action i>f milk of lime on formaldehyde. It con- 
sists oi a mixture of sugars of the glucose group (151). 

Methylal, ('112(00113)2, may be looked upon as derived 
from one molecule of formaldehyde and two of methyl 
alcohol : 

HCH -f {j [J^JJ'^ = CH2(OCH3)2. + H2O 
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It is therefore an ether of the hj-pothetical glycol 

.OH 
CH< 

It is employed as a soporific and anesthetic, B. P. 42®. 
It is soluble in water, in alcohol, and in oils. 

Acetaldehyde {acetic aldehyde, ethanal, aldehyde), 
CHaCHO. The preparation of this aldehyde by the 
oxidation of alcohol has already been described (30). It 
is purified by conversion into aldehyde ammonia, which is 
filtered and washed with ether. The aldehyde ammonia 
is afterward distilled with dilute sulphuric acid. 

It is obtained in large quantities as a by-product in the 
distillation of fermented solutions in the manufacture of 
spirits. It is a colorless liquid, B. P. 21°, specific gravity 
about .8. It has a characteristic suffocating odor. It is a 
solvent for sulphur, phosphorus and iodine. Aldehyde 
dissolves readily in water, alcohol, and ether. PCU con- 
verts it into ethylidene chloride (31). 

Paraldehyde (C2H40)3 is formed when a little HCl, 
COCI2, SQj, or ZnCU is added to aldehyde. It is formed 
with a violent reaction on adding concentrated sulphuric 
acid to aldehyde. 

It is a colorless liquid which crystallizes below 10.5°, 
B. P. 124°. It possesses a peculiar, aromatic, suffocating 
odor and a warm taste ; is soluble in alcohol, ether, oils 
and chloroform, and in ten parts of water. Specific 
gravity, .995 at 15°. 

Paraldehyde is a hypnotic and antispasmodic, and is used 
in medicine to a considerable extent. 
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CHO 
Glyoxal, | , results from the oxidation of glycol or 
CHO 

may be prepared by oxidizing acetaldehyde with nitric 

acid at ordinary temperatures. It is not crystallizable, but 

is a solid when free from water. It forms a bisulphite 

compound which is useful in its isolation. 

CH2OH 



36. Glyceraldehyde, CHOH, results from the oxidation 



CHO 

of glycerol by sodium hypobromite or by hydrogen per- 
oxide in the presence of ferrous sulphate. There is 

CH2OH 



always formed with it the isomeric compound, CO 



CH2OH 

Dihydrozyacetone 

the latter representing the principal product of the oxida- 
tion. Glyceraldehyde can also be prepared from acrylic 
aldehyde (85), which confirms its structure. 

37. Ketones. — When secondary alcohols are oxidized 
they lose two hydrogen atoms and yield ketones, com- 
pounds containing the carbonyl group in a secondary 
position : 

(1) CH3— CHOH— CH3 + O = CHr-CO— CH3 + H2O 

Secondary propyl Dimethylketone 

alcohol (Acetone) 



They contain the carbonyl group linked to two carbon 
atoms, and may be looked upon as aldehydes in which the 
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H of the CHO group has been replaced by an alkyl group, 
or as organic acids whose hydroxyl is exchanged for alkyl. 
The existence of ketones having less than three carbon 
atoms is theoretically not possible. 



CH3-C<^ 

Aldehyde 



Ketone 



(2) Acetone, CH3 — CO — CH3, is also formed by the 
dry distillation of the calcium or barium salt of acetic acid : 



CH3— CO 
CH3— 



^ 



coo 



/ 



Ca 



CH3 

I 
= CO + CaCQs 

I 
CHs 

(3) By employing acids having longer carbon chains 
ketones with higher alkyl groups are formed. Thus a 
mixture of equal molecules of calcium acetate and cal- 
cium propionate, CH3 — CHa — COOca (ca = i Ca), yields a 
mixed ketone : 

CHs 



CH3— COjOca 
CHs—CHi— fCOOca 



= C0 + CaCOa 



R 



CaH 



3JCX6 



(4) Alkyl dichlorides of the type CCI2 react with 



water to form ketones : 



R 
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tlie aldehydes. With hydrocyanic acid, however, there 
are formed addition products called nitriles. These 
compounds are of the greatest importance in synthetic 
chemistry. They will be dealt with in detail later (40, 
166). 

(4) The ketones differ from the aldehydes in that they 
do not polymerize. They do form condensation products, 
however, analogous to the behavior of aldehydes. Ace- 
tone, when acted upon by HCl, HjSOi, KOH, CaO, and 
other reagents, condenses with the separation of water. 
'IVt) molecules -unite to form mesityl oxide, CgHioO; 
throe molecules condense to form mesitylene (172), 

(rO Like the aldehydes, the ketones condense with 
ll,«lrox,vlamine to form ketoximes (31). 

*'"*\''0 + HjN— OH = *^^'Nc=N— OH + HiO 

Acetoiime 

Awtoxime on heating with concentrated HCl decom- 
fKWU int»> Kcetone and hydroxylamine. 

In K similar manner, ketones react with the amino 
IJMN^ qF Ute h^'drazines, forming hydrazones : 

TWrnVrtcMrA which iimtain the radical CHj — CO — , 
aK«^ «tlMrK (omi additimi products with sodium 
wMte * k WUanet similar to the aldehydes : 






. (CH,),=C=N— NHR+HO. 
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These when heated with sodium carbonate solution 
regenerate ketones. These compounds are of great 
value in separating ketones Irom mixtures and in purify- 
ing them. 

38. Acetone, CH3 — CO — CH3, is the simplest and 
most common ketone. It is a liquid with a characteristic 
ethereal odor,*B. P. 56°. 

Its specific gravity at 0° is 0.81. It is soluble in water, 
but much less so in solutions of inorganic salts. This 
property is made use of in separating it from water solu- 
tions. It likewise dissolves in all proportions in alcohol 
and m ether. 

It is a very stable substance toward oxidizing agents, 
not being attacked by cold KIVIn04 solutions, but it is 
oxidized to acetic and formic acids by chromic acid. It is 
very inflammable and should be handled with caution 
against the ignition of its vapors. Acetone occurs in 
normal urine in very small amounts, but is present in 
large quantities in the urine of diabetic patients. Its 
formation in the body will be explained later (see aceto- 
acetic acid, 127). 

Lieben's iodoform test for acetone depends upon the 
fact that alkaline iodine solutions oxidize acetone and 
form triiodo methane or iodoform. A solution of iodine 
and KI is added to the solution to be tested and then 
dilute sodium hydroxide added drop by drop. The iodine 
color is discharged at once and there separates at once a 
crystalline deposit of iodoform. The reactions involved 
are: 
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CHr— CO— CH, + 3 KIO = CHg— CO— CI, +3 KOH 

Potassium Triodoaoetcme 

hypo-iodite 

CHs— CO— CI3 + KOH = CH,— COOK + CHI, 

Potassium aoeiate Iodoform 

The iodoform can be extracted with ether, and on eva- 
poration of the latter is left as yellow hexagonal plates 
having a characteristic odor. On the fonflation of iodo- 
form mider these conditions depends the qualitative detec- 
tion of acetone devised by Vournasos. This test is not 
characteristic for acetone but is given by alcohol and alde- 
hyde as well. 

Acetone in the presence of alkali dissolves mercuric oxide, 
and this property is made use of in testing for its presence 
in solution. A mercuric salt, as the chloride or nitrate, is 
added to the solution to be tested, and then sodium hy- 
droxide to strong alkalinity, and then an equal volmne 
of alcohol. The solution is then filtered and the filtrate 
acidified with HCl and a layer of (NH4)2S solution poured 
carefully upon it. If mercury is precipitated as the black 
sulphide, it indicates a positive test. Aldehydes also give 
this rtmction. 

A(H*toiie forms with mercuric oxide the compound 
2 ( ^Uji - ( X>-(ll8 • 3 HgO, insoluble in dUute acetic acid ; 
uUo a whitt) crystalline compound, 

(^ll3— CO— CH3 • (HgS04)2 • 3 HgO 

ThtJ hXXw tsuupouud is very insoluble in dilute acetic 
acid, uud its fixrmation is the basis of the test for acetone 
dviiiguwi by l>t>uig<)s. 
As^tvm^ Uo^ Ui>t mluce Fehling's solution. With 
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o-nitro benzaUdiyde and sodium h\xlioxide acetone reacts 
to fcHin indigo (SS6). 

Sniphonalj a substance used as a soporific, is deTi\Td 
bom the condensation product of acetone and mercaptan. 
When these aie mixed and treated with hydrochloric acid 
diey condense with the separation of water : 

(ai,)i=CX)+ 2 HS--CA = (CH,),=C(SC,H,), + Hrf) 



On oxidation this product yidds a disulphone, which is 
ndphonal. 

(CH,)iz=C(SCtH5), + 4 O = (CH,)F=C (SO^CH*), 

Snlphoiud 

Several derivatives of higher ketones have also been intro- 
duced. Trional is made from ethyl-methyl ketone, and 
tetronal contains four ethyl groups. 

39. Dihydroiyacetone, CH,OH-^0— CH,OH, residts 
from the oxidation of glycerol with sodium h^-pobromite 
or nitric add. Its formation is accompanied with that 
of its isomer glyceraldehyde (36). The structure of 
dihydroxyacetone is established by the fact that it forms, 
with hydrocyanic acid, an oxynitrile (32) which by 
chlorination and subsequent reduction is converted into 
iscindyric acid: 

CH2OH CH2OH 

I I/OH 

CO +HCN=C; +2H2O 

I ^ i\CN ► 

CH20H CH20H 
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CH2OH CH2CI 

I/OH l/Cl 

I \cooH — *- 1 N:ooH 
CH20H CH2C1 

+ 6H 



i 



CHj 

I 
CH— COOH 



CH3 

Isobutyric acid 

Dihydroxyacetone is chemically related to the sugars 

(150). 



CHAPTER V 

THE NITRILES AND THEIR REDUCTION PRODUCTS, 

THE AMINES 

40. The Nitriles and Isonitriles. — It has been pointed 
out (28) that alkyl halides react with certain salts of 
acids, yielding 'esters, and that these on hydrolysis are 
resolved into alcohols and acids. The behavior of the 
salts of hydrocyanic acid is different from others in that it 
yields two classes of derivatives which do not go back into 
alcohol and hydrocyanic acid, but yield a new type of 
compound on hydrolysis : 

CH3I + KCN = CH3— CN + KI 

Potassium Methyl 

cyanide cyanide 

Methyl cyanide is a colorless liquid boiling at 81°. 
Its specific gravity is .805 at 0°. It is soluble in water and 
is combustible. 

On being warmed with either acids or alkalies nitriles 
add water (saponification) and are converted into acid 
and ammonia : 

CH3— GN + 2 H2O = CH3— COOH + NH3 

Acetic acid 

This behavior is analogous to that of hydrocyanic acid, 
which when heated with dilute acids is converted into 
formic acid and NH3 : 

HCN + 2H2O = HCOOH + NH3 

Formic acid 

77 
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Aside from the importance of the nitriles for the forma- 
tion of acids they are of the greatest importance for build- 
ing up carbon chains. Thus any alcohol can be converted 
by PCI5 into its alkyl halide derivative, and this on being 
converted into a nitrile gains a new carbon atom : 

CH,— OH ^^ CH3CI ^^^> CHa— CN 

^ ^'^> CHy— COOH 



Two practices prevail regarding the nomenclature of the 
ftlkyl cyanides. They are called methyl cyanide, ethyl 
cyanide, propyl cyanide, etc., but are more frequently 
i-nUltnl nitriles, and are then named after the acid which 
th<>y yield on hydrolysis. CH3 — CN is called aceto- 
mtrik; CHa — CH2 — CN, propionitrile, etc. 

NttJii't^ut hydrogen reduces the nitriles to compounds 
V^Ul^l ttu\iut\s. The process is one of addition of hydrogen : 

(^IlaCN -I- 4 H = CHa— CH2— NH2 

Ethyl amine 

'IHv^ l^\ulut>A may be looked upon as ammonia in which 
^OM^ h,>'vll^Hlvu tttoui is replaced by an alkyl group (see 

IV tXauvHtiv^^ of carboxyl and ammonia on hydrolysis 

(^uvi vJ »WUU^vv4 vuv mhiction shows that in the nitrile the 

^Ul4\»^>u v^^MK^ ^^^ directly linked to the alkyl radical. 

^V V'\ jy\H^^ U UuktHl to the alkyl group by its carbon. 

\>sx*rt»*i^ U lMt>ttd of KCN we cause alkyl halide 
vv •\>A\V WttK^JAvw v\vi^uide, there is obtained a colorless 
•hliW^ "^^J^V^ ^4utW lu water which has an intolerable 
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odor and poisonous properties. It has the same percent- 
age composition with respect to the elements as ethyl 
nitrile, and is isomeric with it : 

CHa— CHjI + AgXC = CH,— CHj— XC 

Ethyl isocysuude 

This substance behaves on heating with water or with 
acids in a manner entirely different from ethyl cyanide : 

CHa— CH,— N = C + 2H,0 = 

CHa— CHj— NHo + HCOOH 

Ethyl amine Formic acid 

In this compound the carbon atom of the isocyanide is 
split off, which indicates that the nitrogen is linked directly 
to the ethyl group. Unlike the nitriles they are very 
stable toward alkalies. 

From the above considerations it appears that the silver 
salt of hydrocyanic acid has a structure different from that 
of potassium cyanide. 

A great interest attaches to the isonitriles or alkyl 
isocyanides because they apparently form an exception 
to the general rule that carbon in organic compounds is 
always tetravalent. Several possible assumptions may 
be made regarding the structure of these compounds. 
The carbon atom may be in a divalent state (I) ; or two 
of its valences may be free, or polarized (II) ; or the 
nitrogen may exist in the pentavalent state (III) as it is 
known to be, e.g.y in ammonium hydroxide, all four 
valences of the carbon atom being in union with nitrogen. 

R— N = C R— N = C<^ or R— N = C=i R— N s C 
I II III 
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The extensive studies of NeflF have afforded the most 
satisfactory explanation of the structure of the isonitriles, 
and the principles which they disclosed are of great im- 
portance in elucidating the nature of reactions generally 
among organic compounds. A discussion of some reac- 
tions which throw light on the behavior of these compounds 
will be of value. 

The isonitriles are assumed by Neff to possess the struc- 
ture represented by R — N = C, but there exists a small 
number of the molecules dissociated into the " active " 

form R — N = C\, these being in dynamic equilibrium 
with the form R — N = C which, either because its car- 
bon is divalent, or because two of its bonds of aflSnity 
are polarized or latent, is incapable of any chemical 
activity whatever. The percentage of " active " mole- 
cules varies with the nature and mass of R, a fact shown 
by the variation in the chemical activity of compounds of 
this type. 

1. Halogens (chlorine, bromine, iodine), speed of reac- 
tion in the order named, are absorbed by the alkyl iso- 
cyanides with great evolution of heat, forming dihalogen 
derivatives : 



R 



N = C<^ + Z = Z->R— N = c/ 



X 



X 



X 



R— N = C^^ (Z = Halogen) 



2. Oxygen and sulphur convert the isocyanides into 
isocyanatea and isothiocyanates respectively : 
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R— N = C<(+0->R— N = C = 

R— N = C<^+S->R— N = C = S 

3. Alcohols in the presence of alkali are absorbed^ giving 
compoimds known as imido ethers : 

. H /H 

R— N = C< + | -^R— N = C< 

O— R ^O— R 

4. Hydrogen sulphide and mercaptans give the addition 
products: 

R— N = C< + >S -^ R— NH— €<■ 

R— N = C<( + HS— R -> R— N = C / 

\SR 

A striking property of these addition products of the 
isonitriles is their low point of dissociation, i,e, the car- 
bon atom which has absorbed the X — Y, thus becoming 
tetravalent, is unable to hold X — Y above certain tem- 
perature limits. There is therefore a certain temperature, 
varying with the nature of all the groups in the compound, 
at which the carbon atom becomes spontaneously divalent, 
the X — Y becoming dissociated, thus: 

R— N =C( ^ R— N =C( + X—Y. 
\y \ 

The dissociation is very slight at low and moderate tem- 
peratures and increases as the temperature is raised. 

G 
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Thare b an equilibiiiim between divalent and tetravalent 
carbon. 

Dynamic equilibrium implies a set of conditions in 
whidi if one of the components of a system is withdrawn, 
it is replaced by the further dissociation of a part of the 
undissodated omiponent, so that a definite relationship 
always exists among the omiponents of the system. Thus 
the dihalc^n addition products of the alkyl isocyanides 
are converted back into the alkyl isoc^^anides if kept in 
contact with zinc dust, the latter serving simply to tie 
up progressively and r^nove from the system the small 
amount ot halc^n which is dissociated. The dissociation 
beoHnes progressive undef these conditions and the reac- 
tion goes to completion: 

/CI 
R— N=C( +Zn->R— N=C+ZnCl, 

x;i 

The isonitriles have a marked tendency to polymerize 
and form resinous products. This is without doubt due 
to the combination of the active dissociation products 
with each other, the reaction in this case being non- 
reversible. 

41. Fulminic Add. — When KCN is oxidized there is 
produced potassium cyanate, KCNO. There appears to 
exist an acid isomeric with cyanic acid in fulminic acid. 
The free acid is not known in a state of purity, but its 
salts, especially the mercuric and the silver fulminates, are 
well known. The formuke .for these compoimds corre- 
spond to Hg(0NC)2 and AgONC. 
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On hydrolysis the fuhninates yield hydroxylamine and 
a salt of formic acid : 

HONC+ 2H2O = HONH2 +H— COOH 

Fulminio Hydiozyl- Formic acid 

add amine 

The formula HONC for fulminio acid can be accepted 
only by assuming the existence of carbon in a divalent 
form. This assumption is not ordinarily considered 
tenable^ but there is one " compound of carbon, viz. 
carbon monoxide, which ^ must certainly contain diva- 
lent carbon. 

42. Cyanamide. — | may be regarded as a com- 

NH2 
pound in which a hydrogen of anunonia is replaced by the 
cyanide radical. The latter is strongly negative and 
exerts an influence upon the behavior of the hydrogen 
atoms of the NH2 group. While ammonia is capable of 
forming metallic derivatives, these are not readily formed. 
Sodium and potassium miist be strongly heated in the 
presence of ammonia before the amides of these metals are 
formed (NaNH2, KNH2) and magnesium must be heated 
to incandescence in order to form the nitride. The hydro- 
gen atoms of the NH2 or amide group in cyanamide are 
much more easily replaced by metals. Silver cyanamide, 
AgHN — CsN, is a yellow amorphous compound, 
formed by adding soluble silver salts to solutions of cyan- 
amide. Cyanamide is obtained as the calcium compound 
by passing nitrogen over heated calcium carbide : 

CaC2 + N2 = CN . N=Ca + C 

Calcium cyanamide 
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It is now made on a large scale and is used as a fertilizer. 
Calcium cyanamide is slowly decomposed by water, form- 
ing calcium carbonate and ammonia : 

N^C— N=Ca + 3H2O = 2NH3 + CaCQs 

As an intermediate product cyanic acid is formed : 

N - C— N = Ca + 3 H2O = CN— OH + NH3 + Ca(0H)2 

Cyanic acid 

Cyanic acid readily reacts with water to form ammonia 
and carbon dioxide : 

N-C— OH + H2O = NH3 + CO2 

Cyanamide is a crystalline compound readily soluble in 
water, alcohol, and ether. It melts at 40°. 

43. The Amines. — The hydrogen atoms of ammonia 
may be replaced by alkyl groups, forming a class of com- 
pounds called amines, which have a great biological im- 
portance. Many of them occur in nature, especially as 
products of the action of putrefactive bacteria on proteins. 
The amines containing the lower alcohol radicals closely 
resemble ammonia in odor and are even more strongly 
basic than the latter. Like ammonia, they form white 
clouds of finely divided salts when brought into contact 
with volatile acids. The rniion with acids is attended 
with the evolution of heat. They behave like anunonia 
in forming double salts with salts of the heavy metals 
such as platinic or gold chloride. 

They differ from ammonia in being combustible. The 
lower members are readily soluble in water. The solubil- 
ity in water diminishes with increasing length of the carbon 



The Nitriles and Amines 85 

chains. The volatility likewise diminishes with increasing 
molecular weight, the highest members being solids in- 
soluble in water and without odor. These are, however, 
still soluble in alcohol and ether and are basic in character, 
readily combining with acids to form salts. The specific 
gravity of all the amines is considerably less than that of 
water. 

Classification. -^— The amines are termed primary, secon- 
dary, or tertiary, depending on whether one, two, or three 
hydrogen atoms of anunonia are replaced by alkyl groups, 

^•^- • CH3— NH2 (CH3)2 = NH (CH3)3 = N 

Methyl amine Dimethyl amine Trimethyl amine 

(primary) (secondary) (tertiary) 

The characteristic group of the primary amines is there- 
fore — NH2, of the secondary amines =NH, and of the 
tertiary amines =N. 

The relation of the amines to the hydrocarbons is shown 
by their synthesis from the alkyl halides and ammonia : 

CH3I + NH3 = CH3— NH2 • HI 

Methyl ammonium iodide 

Methyl ammonium iodide is a salt entirely analogous 
to ammonium iodide. On the treating this salt with an 
alkali, methyl amine is liberated : 

CH3— NH2 • HI + NaOH = CHs— NH2 + Nal + H2O. 

The amines show their character as substituted ammo- 
nias in uniting with water to form hydroxides : 

CH^CH2— NH2 + H2O = C2H6NH3OH 

Ethylamine Ethyl ammonium hydroxide 

(CH3)2 =NH +H2O = (CH3)2 =NH20H 

Dimethy lamina Dimethyl ammonium hydroxide 
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CHr- NH2 + HCHO = CHs— N = CHj + H2O 

Methyl-methylene amine 
B. P. 166° 

(CH3)2 = NH (CH3)2 = N\ 

+ HCHO = CH2 + H2O 

(CH,)2 = NH (CH3)2 = N/ 

Methylene derivative of 

dimethylamine 

B. P. 80-86* 

The wide diflFerence in the boiUng points of these two 
compounds makes possible their separation. The bases 
can be regenerated from the methylene compounds by 
hydrolysis. 

46. Methods of Preparation. — (1) The nitro derivatives 
of the hydrocarbons are reduced by nascent hydrogen, yield- 
ing primary amines : 

CHr- NO2 + 6H = CH3— NH2 + 2 H2O 

(2) The nitriles, including hydrocyanic acid, can take 
up four atoms of hydrogen, passing into primary amines : 

CH3— CN + 4 H = CH3— CH2NH2 
HCN+4H=CH3— NH2 

(3) Hydrolysis of alkyl isocyanides yields primary 
amines and formic acid (40). 

(4) The action of alkyl halides on ammonia has already 
been referred to (43). 

(5) The oximes (32) are reduced by nascent hydrogen 
with the formation of primary amines : 

CH3— CH = NOH + 4 H = CH3— CH2— NH2 + H2O 

Acetaldozime 

(6) From acid amides by the action of bromine and 
sodium hydroxide (63), 
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46. Isomerism of the Amines. — Two types of isomers of 
the amines should be mentioned. One is like the isomer- 
ism of the ethers, viz. metamerism. Thus : 

/CH3 
CH3— CH2— NH2 and NH 

\CH3 

Eithylamine Dimethylamine 

CHaX CHsX 

CHff— CH2— CH2— NH2 with NH and with CH3— N 

Propylamine CH3 CH2/ CH3/ 

Methyl-ethyl amine Trimethylamine 

The other depends upon the presence of normal or 
branched carbon chains as in the alcohols (9). 

Chemical Behavior. — (1) The amines are not decom- 
posed by saponifying agents, as acids and alkalies, and 
are oxidized only with great diflSculty. 

(2) A reaction which distinguishes the primary from 
the secondary and tertiary amines is their behavior with 
chloroform. The primary amines react with CHCI3 and 
alcoholic potassium hydroxide, with the formation of 
isonitriles. The characteristic odor of the isonitriles (40) 
serves as a delicate qualitative test : 

CH3— NH2 +CHCI3 +3 KOH 

= CH3— N = C +3 KCl +3 H2O 

Methyl isocyanide 

This is known as Hoffman's carbylamine reaction. 

(3) Nitrous acid reacts with primary amines, replacing 
the — NH2 group by hydroxyl, — OH. Elementary 
nitrogen is liberated from the amino group : 

CH3— NH2 + HONO = CH3OH + N2 + H2O 
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ThiH reaction is of great importance in synthetic chemis- 
try, ninee it makes possible the conversion of amines into 
tlio (corresponding alcohols. 

Ut?<HMitly it has assumed great importance in the eyes of 
phyHiologieal (*hemists as the result of the discovery by 
Vhu Slykti of the conditions necessary for making this 
rtm(^tii>i\ i\w basis of a simple and highly acciu*ate quanti- 
tfttlvti t^Htlmation of amino groups. 

With the secondary amines no elementary nitrogen is 
(ciriaiHl from the imino group =NH. Instead there are 
farmed nitrosamines : 

CHsv CH3V 

;nh + HONO = ;n— NO 

CHs^ CH3/ 

Dimethyl nitroBamine 

Dimethyl nitrosamine is an oil with a yellowish color 
which is readily volatile with steam and can be separated 
from its mixtures in this way. 

Tertiary amines are not acted upon by nitrous acid. 

47. Methylamine, CH3 — NH2, occiu's in Mercurialis 
perenniif and in the distillate from bones and wood 
and in herring brine and putrefaction mixtures. It also 
appears to be a normal constituent of urine, but in very 
small amounts. It is a gas which greatly resembles am- 
monia, but its odor is also distinctly fish-like. It is even 
more strongly basic than ammonia. Its mixtures with air 
art> explosive, and it burns with a yellow flame, in which 
it clitTers from ammonia, which is not combustible. One 
volume of water dissolves at 12.5^ 1150 volumes of the gas. 
It prtHipitates as double salts the salts of platinum and 
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gold, and forms methylated ammonium magnesium 
phosphate, analogous to the ammonium magnesium phos- 
phate. 

Methylamlne gives with Nessler's reagent (a solution of 
Hglj and KI in potassium hydroxide) a precipitate which is 
insoluble in an excess of the reagent, or of water. This 
characteristic serves to distinguish it from the secondary 
and tertiary amines. 

Dimethylamine occurs among the distillation products 
of wood (pyroligneous acid, 61) and in guano. It boils 
at 7°. 

TTimethylamiiie, (CHs)aN, is found in certain plants, 
asCkenopodium. vultaria and Arnica montana, in ergot, and 
elsewhere. It is a decomposition product of betaine (63) 
and similar plant bases and also of choline (48), and results 
from the action of putrefactive bacteria on materials con- 
taining these substances, or through destructive distilla- 
tion of the same, as in the distillation of vlnasse. Some 
investigators have reported finding traces of trimethyl- 
amine in urine, but in the light of recent studies with im- 
proved methods it appears that fresh normal urine of 
man or animals does not contain this base. It has an odor 
resembling ammonia, but also fish-like. It boils at 3.2°, 
Its preparation has been described {43). 

Trunethylamine breaks up when strongly heated, form- 
ing methane and hydrocyanic acid : 

CCH3)3=N = 2 CH, + HCN 

Ethylamine, CjHs — NHi, is formed from alanine (69) by 
destructive distillation, and possibly also by the action of 
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anaoobic bacteria oo the same, but its origin through the 
latter ag^eocy has not been demoostrated. It has Uttle 
biological importance. 

Oipgik^mimt. CBJOB—CBs—SHi, has been found 
amocEC the pnvdmct? of hydnthrsb of lecithin (96). 

Aiiie frwi tbisef iManKixeii the most important ali- 
phatic aBOKS jc^ die &{flMTO|c: 



"^x- 



f:M«i<gvlGri«criir. vS — CBfe — ^XR^, is a liquid 

mijk»y >wi^ «t i^ & istiitti^ wtrfi water in all proportions. 
fe i?^ iwtise^ >r ^mjw6ictive bacterta acting on amino 
W^^<^tt^«ttn»^ >l»^'^> ^^tm qI^ tfm cHg!estk>ii {»oducts of the 
^f^r^Qcen*^ ^^t>mttteH>u wilt b^dbscrSbed later (73). It 
.diJM< fv«ir ^iKT ^itri(tintt:>' amij»i^ havtotg lower alkyl groups 
^ ^Wr I: x!iMs^4i^ rist^ of blood pKSSOie in animals. 

>,^,.,,5PA***^. Vtt-CHr-CHr-NH,, boils at 

v^r' kt :^i>m1|(v fKmt tih^ ^tSKfinc^wa of piotdns, being 
^^^Aya :>viH UH? iiittitH> acid lt«i!ca» (Ti) ; also on sterile 
>,^*Ki^y«vi«vi4 .muoivsis) irf th*r wiifesluroiMn, Bcletus edu- 
Kkh UsiiHU^«<s U>v*iH>i tivm Itmvw. When intravenously 
^^Vjs\*.v\l 'X vtik>v^ i^K^ Wovd pw?!?JW^* With hydrochloric 
v,svi ^ U^;u<vv i xUt, us%?«u»t> litMdUUie hj-drochloride, which 
.^ V xUi\v\^NM uv NvHiK.^ vv^Ht^ iteJ^ 4UI antipjTetic. Both the 
K\ \v^v^ ^'^>» 'ivlVvhw'hlwivfeaK^^Juble in water. 

%j^ V^Mm^ uv i^ (>*Mc'^ vrf ^wtut ph>"siological interest, 
vxUvN -x \sU4*v lU ili vvtts v»«i? Mh ammals and plants and 
^^ V v^\v<;^;i\ .UHiiwt^^i i^ ift^VMt^ l»^«e. It does not occur' 
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free in appreciable amount under normal conditions in the 
animal body, but may accumulate in the cerebrospinal 
fluid under certain pathological conditions, in which 
degeneration of nervous tissue is taking place. Choline is 
always a constituent of certain compounds related to the 
fats, called lecithins (96), which are present in large 
amounts in brain tissue and in egg yolk. From its mode 
of synthesis it is shown to be a derivative of glycol (22), 
and trimethylamine. It is formed by the condensation of 
trimethyl ammonium hydroxide with ethylene oxide (23). 

CHsV /H /CH2 CH2OH ^TT 

ch3-^n; +0; I =1 /^^ 

CHj/ \0H \CH2 CH2— N-CH3 

OH ^^' 

Choline 

The group — CH2 — CH2OH may be called oxyethyl. 
The name of choline, considering it as a substituted am- 
monium hydroxide, is trimethyl-oxyethyl-ammonium 
hydroxide. 

Choline is a strong base. In the free state it absorbs 
moisture and CQj readily from the air. Its solutions may 
be concentrated by boiling to 4 %, when it decomposes into 
trimethylamine and glycol. Choline is precipitated by a 
number of reagents, the most eflBcient being potassium 
periodide, which precipitates 1 part in 2,000,000 of water. 

Choline possesses no marked physiological action, but 
by the action of bacteria and of chemical reagents which 
abstract water, a base neurine is formed, which is 10-20 
times more toxic than is cholme itself (97). 
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+ +0 

R— CH2OH — — > R— CHO -^— »- R— COOH 

Alcohol Aldehyde Acid 

The acids derived from the aliphatic hydrocarbons are 
called fatty acids because most of them are found as esters 
in the fats of animals and plants. The lower members 
of the series are liquids of pungent odor and corrosive 
action. They boil without decomposition and are readily 
soluble in water and behave like strong acids. 

Fonnic acid, HCOOH, is the lowest member of the 
series. It occurs free in ants and in the stings of some 
insects, as bees and caterpillars, and also in certain 
nettles, in the fruit of the soap tree (Sapindus sapo- 
naria), and in tamarinds and fir cones. It is always 
found in traces in perspiration and in urine. It is a 
colorless liquid with a pungent odor. At 20° its spe- 
cific gravity is 1.221. It solidifies in a freezing mixture, 
melts at + 8.3° and boils at 100.8°. Formic acid is 
readily soluble in water and in many organic solvents. 
Its vapors are combustible. 

It is the strongest acid of the series, being dissociated 
into H"*" ions to about twelve times the extent of acetic 
acid. It produces intense irritation of the skin and forms 
blisters. 

Formic acid does not behave like its homologues in cer- 
tain respects. It is easily oxidized, with the formation of 
carbon dioxide and water, and therefore possesses strong 
reducing power, depositing mercury and silver from solu- 
tions of their oxides. In this respect it has the properties 
of an aldehyde, and its ready decomposition through oxida- 
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tion probably finds its explanation in the acid possessing 

the formula HO — C^ , or hydroxy formaldehyde. 

^H 

On taking up oxygen the compound, hydroxy formic 

acid containing two hydroxyls, HO — C^ , is fonned. 

^OH 
Two hydroxyls cannot remain attached to a single carbon 
atom, however, except in a few circumstances (see chloral), 
and water is immediately separated with the liberation of 
carbon dioxide : 

HO— C/^ = CO2 + H2O 

Formation. — (1) Fonnic acid is obtained by the oxida- 
tion of methyl alcohol : . 

CHg— OH + 20 = HC00H + H2O 

(2) Hydrocyanic acid, HCN, behaves as a nitrile in 
that it can take up two molecules of water, forming the 
ammonium salt of formic acid : 

HCN + 2 H2O = HCOONH4 

From the ammonium salt free formic acid can be ob- 
tained by treatment with a nonvolatile acid and distilling : 

2 HCOONH4 + H2SO4 = 2 HCOOH + (NH4)2S04 

(3) Carbon monoxide gas, CO, reacts with the caustic 
alkalies : 

CO + KOH = HCOOK 

Potassium formate 



100 Organic Chemistry for Students of Medicine 

into alcohol and the subsequent oxidation of the alcohol 
through aldehyde to acid : 

+ +0 

CHg—CHtOH ^ CHa— CHO ^ CH3COOH 

Its formation is the cause of the souring of beer, wine, 
and cider. Cider vinegar contains small amounts of 
alcohol and of acids other than acetic (tartaric, sooamc 
etc.) and also ethyl esters of these acids^ and to these 
it owes its flavor. It contains usually bm 3 to 5 ^ 
of acid. The acid volatilizes readily, and in order to 
obtain it in a pure form from its dilute soludoDS it is con- 
vertiid into a salt which, being non-volatile, can be heaxed 
to evaporate the water. The salt is finally tncsted ^vrith 
h^iiruchlortc acid, avoiding an excess, and liie unsanK 
distilled, when strong acetic acid passes otyt: 

^CHr— C00)2Ca + 2 HCl = 2 CH,-O00H ^ CmCk 

Pynditfnetnis Acid. — When hardwoods srelieHSHi in ji 
ilistilling apparatus, a tarry product c omftmnTiig oErfaalic 
tKUil and related substances is fMnied. and tfaene dssdlfe 
v>vvr a jcHiieous mixture containinjc i^j^drpfpec. netkuie, 
oarlnm monoxide, and carbon dioxidfe. a nuMfenae amount 
v»t' higher hydrocarbons (7 ^), amn! a mistake «tf 
luct^vl alcohol, acetone, and aert5f ^d, to^^cdw 
uuinorous other compounds k famil ouanthit^ a 
I critics. This mixture is izn-vz. lis pvwiianiifms «kL 
Mcthvl alcohol and acetone i^r; iv Teiuiih volatile thai 
ilu\v can U^ distilled from liit 5ih» ax^tt «id. ti»s«ll^ 
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ing a partial separation. The acetic acid is theo neutral- 
ized with lime, forming calcium acetate, Ca(OOC — CHa)j, 
and the latter is then heated to 200° in contact with air 
to oxidize the tarry matters. From tiiia crude calcium 
acetate the acetic acid is obtained. 

In marked contrast to formic acid, acetic acid is extraor- 
dinarily resistant to oxidation. It is not oxidized by 
chromic acid under any ordinary conditions and can be 
passed through a glowing tube without decomposition. 
It is not oxidized by dilute solutions of potassium per- 
manganate, which quickly decompose formic acid. Silver 
acetate in water solution can be heated without reduc- 
tion (blackening) taking place. 

It is this great stability which explains why acetic acid 
occurs in such large quantities in the pyroligneous acid. 
During the decomposition of the various complex com- 
pounds (cellulose, lignin, pentosans, etc.) numerous de- 
composition products are formed which, being unstable at 
high temperatures, are further decomposed, and in the 
end only the most stable products remain. Numerous 
compounds on oxidation yield acetic acid, and owing to its 
great stability the reaction stops at this point. 

Even the animal body possesses but a very limited 
capacity to oxidize acetic acid. Normal human urine 
contains from 60 to 280 mgm. of acetic acid per day. 

Acetic acid, despite its stability, is readily fermented 
in the form of its calcium salt by certain organisms into 
methane and carbon dioxide : 



CHa— COOH = CIl4 + Cft 
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with a known volume of standardized alcoholic potassium 
hydroxide and heated until the ester is completely hy- 
drolysed, i.e. reconverted into acetic acid and alcohol. 
From the amount of alkali used up in neutralizing the 
acetic acid which was formed in the hydrolysis the number 
of hydroxyl groups can be estimated. 

63. The Acid Amides. — The amides may be r^arded 
as organic acids in which the hydroxyl of the carboxyl 
group is replaced by the amino group, — KHt : 

J) Jd Jd 

R-€r R— C< R— C< 

X)H Xl ^NH, 

Aekl AoiddiloTklo 



The amides are formed in several ¥rays which illustrate 
their relationship to other classes of compounds : 

(1) Acid chlorides react with ammonia, forming hydro- 
diloric acid and amide : 

CH,— COCl + 2XH, = CH,-<X)XH, + NH4CL 



If substituted anunonias (amines) are onployed fw 
ammonia, alk>*lated amides result : 

CH,— COCl + 2 XHa— CH, = CH,-<X)— XHCH, 

+ CH,— NH/3 



(2) The alkAd nitiiles react with one molecule <rf wmto; 
forming add amides : 

CHjCX + H2O = CH,— CO-XH 

Hiis reaction is the first step in the formation fA acid 
from nitrile. The amides take on a second mcdecule of 
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water, passing into the ammonium salts of the correspond- 
ing acids (60). 

Strong dehydrating reagents, such as phosphorus pen- 
toxide, can abstract from the acid amides a molecule of 
water with the regeneration of nitriles : 

3 CH3— CO— NH2 +P2O6 = 3 CH3--CN + 2 H3PO4 

In order to effect the addition of one molecule of water 
only, the nitriles are treated with some reagent which con- 
tains water, but which has a strong affinity for the latter 
{e.g. strong sulphuric or hydrochloric acid). 

(3) By the dry distillation of the ammonium salts of the 
fatty acids, or by heating them in a closed tube to 230^ 
water is separated with the formation of the amide : 

CH,— COONH4 = CH3— CO— NH2 + H2O 

(4) Esters can react with anmionia with the production 
of amides and alcohols: 

CH,— COOC2H5 + NH3 = CH3— CO— NH2 + C2H6OH 

The amides, being derivatives of ammonia, which is 
strongly basic, formed by the exchange of one hydrogen 
for an acid radical, possess very feeble basic properties. 
Thus acetamide forms a salt with hydrochloric acid, which 
is however very easily decomposed by water. Acetamide 
hydrochloride is formed when dry hydrochloric acid gas is 
passed into an ethereal solution of acetamide. 

On the other hand the hydrogen of the NH2 group in the 
acid amides behaves like acid hydrogen. An aqueous 
solution of acetamide dissolves mercuric oxide, forming a 
compound analogous to the salts : 
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of Medicine 



C 



2C^-*-"0— N^ — ^0 = 



>Hg+H,0 



/ 



C^-CO— NH 



... '-I * is.:ni«-. 



and nrmrn^ tEaD^Eonnatioiis among 
Of the type& thus £arcoiisadefed, exdnding 
and esceR. ace shown by the following sdieme. 
irittuiief some compounds which will be con- 
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ceoH 



COOH 



<H^Ht 
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.»ttOH 



V 



^t 



t^v^l 
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64. Halogen Derivatiyes of Acetic Acid. — When 
chlorine or bromine acts upon acetic acid a substitution 
of hydrogen by halogen takes place. The resulting 
products may be mono-, di-, or trichloracetic acid depend- 
ing on the extent of the substitution. 

Chloracetic acid, CH2CI— COOH, melts at 62.5°. It 
exerts a corrosive action similar to that of glacial acetic 
acid on the skin, and the vapors are highly irritating. 

Dichloracetic acid, CHCI2--COOH, melts at -4°. 
Its chief interest is its usefulness in syntheses of other 
compounds. 

Trichloracetic acid, CCI3— COOH, is a solid, M. P. 
80°. It is extremely caustic in its action on the skin, and 
is employed for the removal of warts, corns, and similar 
growths. It is likewise employed as a precipitant for 
proteins, with which it forms compounds which are rela- 
tively insoluble in water or dilute acids. 

The acidity of the chlorinated acetic acids, i.e. the de- 
gree of dissociation of hydrogen ions, increases with increas- 
ing chlorine. All are stronger acids than acetic. The 
strength of trichloracetic acid ranks it with the strong 
mineral acids. 

With fatty acids containing three or more carbon atoms 
chlorine or bromine react to form halogen substituted 
acids. In all cases the hydrogen substituted is one bound 
to the carbon atom neighboring the carboxyl group. This 
is designated the alpha carbon atom and is usually abbre- 
viated a. Thus : 

CH3— CH2— C00H+2C1 = CH3— CHCl— COOH+HCl 

Pr(q;>ionio aoid CC-chloipropionio acid 
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The successive carbon atoms of the fatty acids are 
designated by the letters of the Greek alphabet, in order 
of their position, with respect to the carboxyl group. 

. . . CH2 — CH2 — CH2 — CH2 — COOH 

d y p a 

55. The Hydroxy Acids. — With water on prolonged 
boiling the alpha-halogen acids react with the replacement 
of halogen by hydroxyl. The exchange is greatly facili- 
tated by the presence of silver oxide. 

CH2CI CH2OH 

I +HOH= I +HC1 

COOH COOH 

Chloraoetic acid Glycollio add 

Glycollic acid is of interest from the biological standpoint. 
It may be regarded as an oxyacetic acid. It is found in 
unripe grapes, in sugar cane, and in many other plants, 
especially in the green parts. It is taken internally there- 
fore with the food to a slight extent. It is somewhat toxic 
in large doses. It is a crystalline compound, M. P. 80°, 
easily soluble in water, alcohol, and ether, but diflBcultly 
in acetone. It does not appear in the urine after adminis- 
tration, but has been found after the ingestion of glycol. 
It is a possible intermediary product of the oxidation of 
certain complex foodstuffs in the course of metabolism. 
Its relation to alcohol and glycol, from which it is fonned 
by oxidation, is seen from the following formulae : 

CH3 CH3 CH3 CH2OH 



O 



O 



O 



CH2OH CHO COOH COOH 

Ethyl aloohol Acetaldehyde Acetic acid Glycollic add 
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CHjOH 



CH2OH 

Olyool 



CHO 



CHO 



O 



O 



CH2OH COOH 

Glycol aldehyde Glyoxylic acid 



On further oxidation it yields a compound called gly- 
oxylic acid, which is at the same time both an acid and 
an aldehyde. 

Glyoxylic acid is in turn in conformity with its aldehyde 
nature oxidized to oxalic acid (100) which contains two 
carboxyl groups ^ 

CHO COOH 

O 



COOH 



COOH 

Oxalic acid 



66. The Amino Acids. — Not only can a hydrogen atom 
of the methyl group of acetic acid be replaced by halogen, 
hydroxyl, or alkyl group, but also by the amino group 
— NH2, with the formation of amino acids. In respect to 
halogen, hydroxyl, and amino derivatives, formic acid 
behaves very differently from its homologues, acetic, 
propionic, etc., acids. Thus chlor formic acid CICOOH is 
incapable of existence in the free state, but its esters are 
known. ThusC0Cl2, which is to be regarded as the acid 
chloride of chlor formic acid, reacts with alcohols to form 
chlor formic esters : 

CI— CO— CI + HOC2H5 = CI— COOC2H5 + HCl 

Chlor formic esters 

The chlor formic esters behave like acid chlorides, how- 
ever, in that they are decomposed by water. 
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Carbamic Acid. — The ammonium salt of amino-formic 
acid, or carbamic acid, is formed when ammonia gas 
reacts with carbon dioxide : 

2NH3 + CO2 = NH2— CCX)NH4 

Anunonium carbamate 

Ammonimn carbamate is present as an impmity in 
commercial ammonimn carbonate. On treatment of 
NH2 — COONH4 with a mineral acid it is at once decom- 
posed with evolution of carbon dioxide : 

NH2— COONH4 + HCl = NH4CI + NH2— COOH 

NH2— COOH = CQ2 + NH3 

The metallic salts of carbamic acid are more stable, but 
decompose at ordinary temperatures in solution into car- 
bonates : 

NH2— COOK + H2O = NH3 + KHCQs 

Carbamic acid is distinguished from carbonic acid in the 
solubility of certain of its salts. Solutions of siDdium or 
potassium carbamate give no precipitate with calcium 
chloride, as do the corresponding carbonates. 

The alkali salts of carbamic acid lose water on heating 
to redness and pass into the cyanates : 

NH2— COOK = KCNO + H2O 

Ammonium carbamate is an intermediary compound in 
the formation of urea in the living tissues. Ammonium 
carbamate on the abstraction of a molecule of water forms 
the amide of carbamic acid, or carbamide, the popular name 
for the latter being urea, a name which was given to the 
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principal nitrogenous compound in the urine of mammals 
before the development of the science of organic chemis- 
try: 

NH2— CCX)NH4 = NH2— CO— NH2 + H2O 

Urea 

This structure of urea is further confirmed by its forma- 
tion from carbon oxychloride and ammonia : 

yCl HNH2 yNH2 

C0( + =COr +2HC1 

\C1 HNH2 \NH2 

Urea is likewise produced by a rearrangement of the 
atoms within the molecule of ammonium isocyanate 
when the latter is heated abbve its melting point : 

Rearrangement /NH2 

NH4OCN — > co; 

\NH2 

This transformation was observed by Wohler in 1828 
and was the first synthesis of an organic compound. The 
change of ammonium isocyanate into urea is never quite 
complete, for a condition is reached where a definite pro- 
portion between the isocyanate molecules and urea mole- 
cules exists. The reaction is reversible. When silver 
nitrate is added to a solution of pure urea, silver isocyanate 
is precipitated. The amount of isocyanate present in 
such solutions is, however, extremely small, but if removed 
by the formation of an insoluble compound the reaction 
proceeds in the direction which leads to its formation. 
In certain reactions urea behaves as if it had the struc- 
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ture C — OH. Thus methyl alcohol condenses with 

\NH2 

cyanamid Cy to form methyl isourea: 

^N /OCH3 

Cf^ +H0CH3 = C=NH. 

\NH2 \NH2 

The structure is proven by the fact that on heating this 
compound with hydrochloric acid (hydrolysis) methyl 
chloride is formed. From methylurea, which is formed 
when the salt of cyanic acid with methylamine (methyl 
anmionium cyanate) is heated alone, there results, on 
hydrolysis with hydrochloric acid, methylamine : 

Rearrangement yNHCHs 
CH3NH2 • HOCN ►€()( 

\NH2 

Methyl urea 

CH3NH2 
>-C02 + 

+ H2O NHs 

In isomethyl urea the methyl group cannot be linked to 
nitrogen. 

When heated, urea melts and at a higher temperature 
begins to evolve gas, consisting of ammonia and carbon 
dioxide. The melt finally solidifies. There are several 
types of decomposition which take place, the principal 
ones being the formation of biuret and cyanuric acid. 



(1) NH2— CO— NH2 H| HN— CO— NH2 

= NH2— CO— NH— CO— NH2 + NHs 

Biuret 
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(2) 



H 



HN— CO— NH— CO— NH 



H,N 



H 



NH, 



= NH 



/CO— NHv. 



CO + 2NH3. 



\C0— NH^ 

Cyanuric acid 

The reactive fonn of cyanuric acid is probably not that 
indicated by the above formula. It is a tribasic acid, and 
fonns salts, indicating the presence of three acid hydrogens. 
It is best represented by the following structural formula : 



< 



■N. 



\)H 



:N 



> 



C— OH 



67. Urea is one of the longest known of organic com- 
pounds. It constitutes 85-90 % of the nitrogen of normal 
human urine. The average amount of urea eliminated 
daily by a man on an ordinary diet is about 30 grams. The 
amount may vary greatly with the character of the diet, 
being high when much protein is eaten and low when the 
protein intake is low. It is a neutral substance, forming 
crystals which melt at 130-132°; very soluble in water 
(1 : 1) and in alcohol (1 : 5 of cold alcohol), but insoluble in 
ether and chloroform. 

Urea is a neutral substance with respect to indicators, 
but acts as a feeble base in that it forms salts with acids. 
Urea nitrate, CO(NH2)2 • HNO3, is a crystalline compound 
soluble in water, but slightly soluble in nitric acid. It is 

X 
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slightly soluble in alcohol, but easily in acetone. It is 
employed for the isolation of urea from urine. The salt 
is decomposed by barium carbonate : 

2 CO(NH2)2 • HNQ3 + BaCa = Ba(NQ3)2 + CQ2 + 

/NH2 
H2O + C0< 

^NH2 

The urea is separated from Ba(N03)2 by solution in 
alcohol. Urea forms salts with other acids, the most 
important being that with oxalic acid, [CO(NH2)2]2C2H204. 
This is a crystalline compound soluble in water, but nearly 
insoluble in oxalic acid solutions, slightly soluble in alcohol. 
It is also employed for the isolation of urea from urine. 

Urea also forms a compound with mercuric nitrate and 
mercuric oxide of the formula : 

2 CO(NH2)2 • Hg(NQ3)2 • 3 HgO 

It likewise forms a compound with mercuric oxide, 
CO(NH2)2HgO. 

Urea in moderate concentration possesses no appre- 
ciable toxicity for the higher animals, but is much more 
toxic to birds. The latter do not excrete their waste 
nitrogen as urea, but principally as anunonium urate (147). 
Even in so great dilution as i % solutions, urea is 
noticeably toxic to certain plants. Certain bacteria can 
employ urea as a source of energy, although it yields very 
little energy on decomposition. The change which takes 
place in urea fermentation is as follows : 

CO(NH2)2 + H2O = CO2 + 2 NH3 + 102 Calories 
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Since the fermentation always takes place in solution, the 
products of the decomposition unite with water to form 
ammonium carbonate. This decomposition of ur«a is 
brought about by an enzyme or organic catalyzer produced 
by the microorganisms. It has recently been discovered 
that this enzyme, which is called urease, is present in 
liberal amounts in certain beans, notably the Jack bean 
and the Soy bean. When an extract of the beans is 
added to a solution of urea and the mixture protected from 
bacterial action by toluene, the transformation of urea into 
ammonium carbonate takes place rapidly and is complete 
within a few minutes at favorable temperatures. The am- 
monia is titrated, employing methyl orange as indicator, 
either directly or after aspirating it into a solution of 
standard acid. This method was first described by 
Marshall. 

The quantitative estimation of urea by the Folin-Benedict 
method is effected by converting it into CC^ and NH3 by 
heating the acidified urine in an autoclave. The resulting 
ammonia is removed by a current of air and is absorbed 
by a measiu*ed quantity of standard acid. A separate 
determination of ammonia is made on an imheated sample 
and the result subtracted from that obtained with the 
heated, the difference representing urea. 

68. Thiourea is formed from ammonium isothiocyanate 
on treating in a manner analogous to the formation of urea 
from ammonium isocyanate : 

/NH2 
NH4SCN — ^ S=C^ 
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Thiourea crystallizes readily in very large crystals. 
It is readily soluble in water but insoluble in alcohol. It 
melU at 172°. It exhibits the behavior of existing in the 
tautomeric form in part, for on treatment with alkyl 
iodide it forms alkyl thioureas which possess the pseudo 
form, the alkyl group being linked to sulphur instead of 

nitrogen : 

/NH2 /NH2 

C— SH + IC2H6 = C— S— C2H6 + HI 
'^NH \nH 

Thiourea Pseudo-ethyl-thiourea 

That the alkyl group is linked to sulphiu* is shown by its 
hydrolysis into ethyl mercaptan instead of ethyl amine, 
as it would were the ethyl group linked to nitrogen 
(67). When treated with mercuric oxide thiourea loses 
hydrogen sulphide and forms cyanamide: 

NH2 NH2 



C— 



SH 
H 



N 



59. Esters of Carbamic Acid. — Carbon oxychloride, 
COCI2, which is formed by the direct union of carbon 
monoxide and chlorine in sunlight, can react with alcohdi 
to form the ethyl ester of chlor formic acid : 

CI— CO— CI + HOC2H5 = CI— CO-OC2H6 +HC1 

Chlor fonnio ester 

Chlor formic ethyl ester is a volatile liquid of very pun- 
gent odor which boils at 93°. It reacts like an acid chloride, 
being decomposed by water. 
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60. Urethanes. — Chlor formic ester reacts with am- 
monia to form amino ethyl formate, the ethyl ester of amino 
fonnic acid. This compound is called urethane: 

CO +NH3=C0 ' +HC1 

\0C2H6 \0C2H6 

Urethane is a colorless crystalline substance possessing a 
faint peculiar odor and a taste somewhat like that of 
potassium nitrate. It is soluble in 0.6 parts of alcohol, 
1 part of water, 1 part of ether, and in 3 parts of glycerol. 
It melts at 48-50® and boils at 180°. It is employed as 
a sedative and hypnotic. A number of derivatives of 
urethane have been introduced as hypnotics and sedatives 
in the quest for those which possess the most advantageous 
properties. Among these may be mentioned : 

Hedonal is an ester of carbamic acid with the amyl 
alcohol, methyl propyl carbinol : 

/NH2 

CO /CHa 

\0CH— CH2— CH2— CH3 

It has a greater hypnotic effect than has urethane. The 
urethanes are diuretics, as well as hypnotics. In the body 
they are oxidized to carbon dioxide and urea. 

61. Guanidine is formed when cyanamide reacts with 
ammonium chloride : 



C^ + NH4CI = 
NNHj 



C=NH 
\NH2 



HCl 



Guanidine hydrochloride 
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It may be regarded as urea in which the oxygen is re- 
placed by the divalent =NH group (imino group). It 
also results from heating thiourea through the loss of 
hydrogen sulphide : 



H2N— C 



-N 



H, 



= NH2— CN 



NH2— C = N +NH3 • HCNS = C=NH +HCNS 

Csranainide Ammonium thiocyanate n^J^a 

Guanidine is a colorless crystalline compound of a 
strongly basic character which absorbs moisture and 
carbon dioxide readily, forming a solution of guanidine 
carbonate, [NH=C = (NH2)2]HCQ3. 

It is hydrolyzed by alkalies to urea and anmionia : 

/NH2 yNH2 

C=NH + H2O = CO; + NH3 

\NH2 \NH2 

Guanidine reacts with strong nitric acid to form a nitro 
compound, nitro gicanidine, which on reduction yields 
amino guanidine: 

/NH— NO2 /NH— NH2 

C=NH +6H=C=NH 

\NH2 \NH2 

The latter is hydrolyzed by boiling with dilute acids or 
alkalies, forming hydrazine (32), carbon dioxide, and am- 
monia. 

62. Arginine is an amino acid obtained by the hy- 
drolysis of proteins by mineral acids. On hydrolysis by 
alkalies it is split up into urea and ornithine, an acid con- 
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twiing five carbon atoms and two amino groups, which 
is known by its behavior and synthesis to be a-S-diamino 
valerianic acid (71). Furthermore arginine is synthesized 
by the condensation of cyanamide and ornithine : 

C = N+H2N— CHj— CHj— CH2— CH— COOH= 

Cyanamide Ornithine 

/NH2 NH2 

NH=CC I 

\NH— CH2— CHj— CH2— CH— COOH 

a-ainino-3-guanidine valerianic acid (Arginine) 

Its cleavage into urea and ornithine is illustrated by the 

reaction : 

NH, y 
NH = C/ ,' NH. 



>< 



X 
• 



HO.^'' NH— CH2— (CH2)2— CH— COOH 

NH2 NH2 



= CO +NH2— CH2— (CH2)2— CH— COOH 

I 
NH2 

On vigorous treatment with alkalies the urea passes on 
into anunonia and carbon dioxide (67). 

Arginine is a white crystalline compound which melts at 
207.5® with decomposition. It is easily soluble in water, 
but insoluble in alcohol. It is precipitated by phospho- 
tungstic acid, and by silver nitrate in the presence of 
barium hydroxide. 
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63. Aminoacetic Add, glycine, glycocoll, r u'_^r^TT 

is found in the free state in the adductor muscle of the 
scaUop and in plant juices. It is a constituent of many 
proteins and is formed from these on hydrolysis by acids. 
It is the only amino acid derived from proteins which 
is certainly dispensable from the diet during growth. 
It plays an important r61e in the body as a protective 
substance, being condensed with several types of organic 
acids which are toxic, forming, with the separation of 
water, combinations which are of very much lower 
toxicity. An example of such a iwion is hippuric acid 
(see Hippuric Acid). Glycocoll is also a constituent of 
bile, where it exists combined with cholic acid as glyco- 
cholic acid. 

Glycocoll is both an acid and base by reason of its car- 
boxyl and amino groups, but these neutralize each other's 
eflFects so that its solutions react neutral to litmus, phenol*- 
phthalein, and certain other indicators. It forms salts 
with bases, the most important because of its tendency to 
crystallize being that with copper : 

NH2— CH^~:CO(\ 

;Cu 
NH^— CH^CO(X 



This salt forms a deep blue solution. It likewise forms 
salts with acids, e.g. : 

CH2— NH2 • HCl 



COOH 

GlyooooU chlorhjrdrate 
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These salts are crystalline, but are extremely soluble in 
water and are acid in reaction. 

Of great importance in the isolation of glycocoU, as 
well as other amino acids, is the ethyl ester. It is formed 
by passing dry HCl gas into a suspension of the amino acid 
in absolute alcohol. As the hydrochloride is formed, it 
goes into solution and is then esterified. When the alcohol 
is evaporated the hydrochloride of the ester is obtained. 
From this, on treatment with strong sodium hydroxide, the 
ester is set free from the HCl and can be extracted with 
ether. All the esters of the amino acids are soluble in 
ether. 

Glycocoll ester chlorhydrate is very sparingly soluble in 

CH2— NH2 • HCl 



COOC2H6 

absolute alcohol, which contains all the HCl gas which it 
can dissolve and crystallizes from such a solution to an 
extent approximating a quantitative separation. This 
principle has been utilized for its estimation and prepara- 
tion. 

Glycocoll ester distills with some decomposition at 
ordinary pressures at 150®. Under diminished pressure it 
distills without decomposition. 

With HNC^ glycocoll, like other amino acids, decom- 
poses with the formation of a hydroxy acid and elementary 
nitrogen. 

CHr- COOH+HONO = CH2OH— COOH +N2 +H2O 



NH, 



2 
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With formaldehyde its amino group condenses to form 
a methylene derivative which has no basic properties and 
can be sharply titrated with alkali and an indicator : 



CHj— €00H + HCHO = CHj— COOH 

I 

NHj N=CHj 



+ H,0 



Amino acids, when treated with acid chlorides, yield 
acetyl derivatives of the following type : 

CHjNHi CHj— NH— CO— CH, 

I +CH,— C0C1 = | +HC1 

COOH COOH 

Acetyl ^ooooll 

Acetyl derivatives of the amines and amino acids are 
readily hydrolyzed into acetic acid and free amino group 
by boiling with dilute alkalies. Derivatives of this class 
can be formed by employing chlorides of other organic 
acids, as propionyl or butyryl chlorides. The groups 
are collectively known as acyl radicals, and the process of 
forming esters from alcohols and acid chlorides or amides 
from amines and acid chlorides is known as acylation. 

Acyl derivatives can frequently be piu'ified much more 
satisfactorily, because of greater insolubility or greater 
tendency toward crystallization, than the alcohols or 
amines themselves, and are useful for the isolation and 
purification of many compounds, these being afterward 
regenerated by hydrolysis : 

CH2— NH— CO— CHa CHy— NH2 

I +HOH = I +CH/:OOH 

COOH COOH 
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Of special value in the isolation and purification of 
various amino acids are the compounds analogous to the 
acyl derivatives, obtained from certain aromatic acids. 

Creatine, methyl-guanidine acetic acid, 

NH2 

/ 
NH=C 

\ /CH3 

\CHr-COOH 

is found in muscle and organ tissues of vertebrates, but 
is not found in invertebrates. It is remarkably constant 
in amount, being found in human muscle to the extent of 
.39 per cent, and .52 per cent and .45 per cent respectively 
in the muscle of the rabbit and cat. It is not found in 
normal urine, but appears when carbohydrates are absent 
from the diet. It is not known how creatine is formed 
in the body. 

Creatine is a colorless crystalline compound with a 
bitter taste, which contains one molecule of water of crys- 
tallization which it loses at 100°. It is a base and forms 
salts with acids. It is formed synthetically by the con- 
densation of cyanamide with methyl-amino acetic acid : 

NH2 
NH2 CH3 / 

I -h / =HN=C CH3 

C s N HN— CH2— COOH \y 

N 

\ 
CH2-€00H 
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It is soluble in 74.4 parts of water at 10° ; 100 cc. of 85 
per cent alcohol at 17® dissolve .008 grams. On heating 
with alkalies it is hydrolyzed into urea and sarcosine or 
methyl glycocoU. 

NH2 NH2 

/ I CH3 

HN=C +HOH=CO+| 

\ /CH3 I NH— CH2— COOH 

N NH2 SarcoBiiie 

\:h2— COOH 

Creatinine is the inner anhydride of creatine. It is 
formed from creatine by boiling with mineral acids^ which 
causes the abstraction of the elements of water : 

NH> 
/NHH / 

HN=C — H2O = HN=C 

\ /CH3 \ /CH3 

N N CH2 

\:H2— COOH Creatmine 

This compound is a never failing constituent of the urines 
of mammals. The daily excretion for man is .75 to 1.5 
gram, and on diets free from creatine or creatinipe the 
output is surprisingly constant and is independent of the 
intake of protein. Its precursor in the body is unknown. 

Creatinine is soluble in 11.5 parts of cold water and more 
readily in hot. It dissolves in 625 parts of cold absolute 
alcohol. It is a stronger base than ammonia and displaces 
the latter from its salts. The most important salts are the 
potassium creatinine picrate, 

C4H7ON3 • C6H3O7N3 • CeHgOyNgK 
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and the zinc chloride double salt, (C4H70N8)2ZnCl2. The 
most important color reaction of creatinine is that with 
picric acid and sodiimi hydrate. The color closely resem- 
bles the deep orange of a solution of potassium dichromate. 
The Betames. — These form a group of natural 
bases. The simplest member of the group is betaine or 
trimethyl glycocoU anhydride. 



CH2— N(CH3)8 



CH2— N(CH3)8 



COOHOH 



— H2O 



CO— O 

Betaine 



Trimethyl anmionium 
Acetic acid (liypothetical) 

Its relation to the following bases is of interest : 

CH2— N(CH3)» CH— NH CH2 — CH2 

II >CH 

C N^ 



CH, 



CH, 



CH, 



CO O 

y-»»-butyio 
betaine 



CHy— CH2OH 

:s^=(CH,), 
I 

OH 

Choliut 



CH— N(CHa)8 



CO— O 

Trimethyl histidine betaine 
CH2 = CH2 



CH2 CH— CO 

^^/ I 
N O 

/\ 

CH3 CH3 

Stachydrine or 
Proline-betaine 



N=(CH3)s 



OH 

Neurine 



CH2 — -CHv 



o 



H 



N=(CH3)3 



[oh 



CH2— coo 



N = (CH3)3 



H 



OH 



OH 



MuBcariae 



Betaine 
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The betaines are found in numerous plant extracts. 
Those from mushrooms and spores have been most 
investigated. 

^-n-hutyro betaine has been isolated from putrid meat ; 
trimethyl histidine and rwascafine from mushroom extract ; 
stachydrine from various plants ; and choline and neurine 
from the brain, the latter only after decomposition. 

64. Acid Anhydrides. — There exists an important class 
of compounds which may be regarded as derived from two 
molecules of acid by the abstraction of a molecule of 
water. These are known as acid anhydrides : 

CHa— COOH CHj— CO 



\) + H2O 

— ccr 



CHs— COOH CHs 

Acetic anhydride 

Corresponding anhydrides of the other fatty acids are 
known. The lower members are liquids ; those of higher 
molecular weight, solids of neutral reaction. The lower 
members react readily with water, regenerating the acids 
from which they were formed : 

CH3— COv 

>0 + H2O = 2 CH3COOH 
CH3— CO'^ 

The higher members are much more stable toward 
water. Acid anhydrides react with alcohol to form esters 
in the sense of the following equation : 

R— CO. HOR' 

>0 + =2 R— COOR' + H2O 

R— CO^ HOR' 

Acid anhydride Alcohol Ester 
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They are therefore useful m the same way as are the acyl 
chlorides for acylating alcohols. With primary and 
secondary amines they react, producing acyl derivatives : 

CHr— Ca H2N— R 

>0 + =2CH3— CO— NH— R +H2O 

CHff— CCr H2N— R 

Acetic anhydride, (CH3 — C0)2=0, is the most impor- 
tant of the anhydrides of the fatty acids. It is a mobile 
Uquid of suffocating odor, B.P. 137°, Sp. Gr. 1.073 at 20°. 
It is a reagent of great importance, being employed for the 
production of acyl derivatives. 

66. Propionic Acid, CH3— CH2— €00H, the next 
homologue of acetic acid, is found in sweat and in niixtures 
resulting from the putrefaction of proteins by bacteria, 
where it is derived from certain amino acids by reactions 
which will be described later. It is formed from ethyl 
chloride through propionitrile, as an intermediate product : 

(1) CHa— CH2CI + KCN = CH3— CH2— CN + KCl 

(2) CHa— CH2CN + 2 H2O = CH3— CH2— COOH 

+NH3 

It is likewise formed by the oxidation of primary propyl 
alcohol : 

CHff— CH^— CH2OH +30 = CH^— CH2— COOH 

+ H2O 

This mode of formation makes clear its structure. It is 
a liquid with an odor which is suggestive of acetic acid, but 
is easily distinguishable from it. B.P. 140.7°. It is 
soluble in water in all proportions, but much less so in 
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strong calcium chloride solutions. On adding this salt 
to its solutions it separates as an oil. Propionic acid 
is difficult to test for with certainty, since its properties 
are so closely similar to those of its immediate homologues, 
acetic and butyric acids. The silver salt contains 59.65 % 
of silver, and the barium salt 48.40 % of barium. The 
analysis of these salts, both of which are sparingly 
soluble in water, is the most convincing qualitatitive test, 
a-chlor propionic acid, CHj — CHCl — COOH, is 
formed by the direct action of chlorine upon propionic 
acid in the sunlight. The isomeric /8-chlor derivative, 
CH2CI — CH2 — COOH, is likewise formed to some extent. 
The structure of these acids is made dear by other methods 
of formation ; thus acetaldehyde adds hydrocyanic acid, 
forming hydroxy propionitrile : 

CHj CHg 

+ HCN = CH U. CHOH + NH, 



CHO |\ I 

OH COOH 

CN 

a-hydroxy propionic acid, or lactic acid, yields when 
treated with PCU a product in which both the hydroxyl 
group of the carboxyl and that on the a-carbon atom are 
replaced by chlorine, viz. : o-chlor propionyl chloride, 
CH3— CHCl— COCl. This, like acid chlorides in general, 
is decomposed by water, forming o-chlor propionic acid : 

CHy-CHCl— COCl + HOH = CH,— CHQ— COOH 

+ HC1 
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a-chlor propionic acid is of interest because it can be 
employed either for conversion into lactic acid or into 
a-amino- propionic add, or alanine, one of the amino acids 
derived from proteins on hydrolysis : 

CHa— CHCl— COOR + AgOH 

= CH3— CHOH-COOR + AgCl 

Lactic add flslfir 



CHj-CHCl— COOR + NH. 



. CH,- 



-CH-COOR + HCl 

I 



I 



66. Lactic Acid, CH3— CHOH— COOH, is the acid of 
sour milk. It is formed from milk sugar by the action 
of the lactic acid bacteria. Other sugars, as cane 
sugar, can likewise be used by this organism with the 
production of this acid. If a liter of 10% cane sugar 
solution be treated with 40 grams of calcium carbonate 
and 20-30 cc. of sour milk to supply the bacteria and the 
proteins, salts, etc., necessary for their multiplication, and 
the mixture kept at 37° for six to eight days, with occa- 
sional agitation, it will contain a considerable amount of 
calcium lactate. The solution is then boiled and evapo- 
rated to a small volume ami cooled, when calcium lactate 
will crystallize out. On treating the crystals with sulphu- 
ric acid, calcium sulphate and free lactic acid are formed. 
The lactic acid can be extracted from the mixture by ether, 
in which it is readily soluble. On distilliog off the ether 
lactic acid remains. 

Lactic acid occurs in other fermented substances, such as 
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sauerkraut and ensilage, in both cases arising through the 
agency of microorganisms. The conditions essential to 
the preservation of succulent vegetables and green fodders 
in these forms are close packing in an air-tight container 
from which the gases produced can escape. Rapid fer- 
mentation and respiration quickly remove the small 
amount of oxygen from the container, and through the 
catalytic action of enzjTnes in the plant cells a part of the 
sugars are converted into lactic acid. The acidity, to- 
gether with the very considerable rise in temperature, 
causes the death of most of the microorganisms, and 
the material Is preserved from putrefaction or further 
fermentation. 

Lactic acid is a sirupy liquid which decomposes on dis- 
tillation at ordinary atmospheric pressure, but can be 
distilled at about 85° if the pressure be reduced to .5 mm. 
of mercury. Distilled in this way, it erj'stallizes. The 
crystals are hygroscopic. It is readily soluble in water, 
alcohol, and ether, but insoluble in chloroform, carbon 
disulphide, or petroleum ether. It does not distill with 
steam. Lactic acid is decomposed when heated with 
dilute sulphuric acid into acetaldehyde and. formic acid: 

CHs— CHOH— COOH = CH3— CHO + HCOOH 

According to certain investigators this reaction is 
catalyzed in the production of alcohol by fermentation, 
the formic acid being further decomposed into hydrogen 
and carbon dioxide, and the hydrogen serving to re- 
duce the aldehyde to alcohol. {See Fermentation.) The 
most characteristic salt of lactic acid is the zinc salt, 
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ZnCCjHA)! 3 HaO. This is soluble in 52.5 parts of water 
at 15°. Lactic acid is frequently identified by the analysis 
of its zinc salt. 

67. Pjro™ Acid, Cft— CO— COOH. This acid is 
formed when calcium lactate is oxidized with potassiiun 
permanganate and by other more complicated reactions: 

CH, CH. 

I I 

CHOH+0-CO +H,0 (ca-JCa) 

COOca COOca 

CBlduin Isotate Culcium pymrals 

It melts at 14° and boUs at 61° under 12 mm. pressure. 
It is soluble in water, alcohol, and ether. Biochemical 
studies during recent years have made it highly probable 
that pyruvic acid is an intermediary product of the 
catabolism of carbohydrates, fats, and proteins {164, 165). 
An enz>-me discovered by Neuberg in yeast has the 
property of decomposing pyruvic acid into acetaldehyde 
and carbon dioxide: 

CH»— CO— COOH -* CHs— CHO + CO, 

Pyruvic acid can be reduced to lactic acid. Its relations 
to other compounds will be more fully discussed later 
(164, 165). 

68. Stereoisomerism of the Lactic Acids. — In discuss- 
ing the peculiar relationship between the chemical struc- 
ture of the amyl alcohols and the property of rotating the 
ray of polarized light (20) it was pointed out that optical 
activity in amyl alcohol is associated with the presence of 
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an asymjnetric carbon atom, i.e. one whose four valencea are 
bound each to a different radical or-group, Lactic acid 
possesses a structure which conforms with the require- 
ments of asymmetry, and we should therefore expect to 
find two kinds of lactic acid, having the same chemical 
properties and the same physical properties (specific 
gravity, boiling point, melting point, etc.) except in their 
behavior toward polarized light. This is actually the case. 

There are two classes of substances which show optical 
activity. Some, like quartz and sodium chlorate, produce 
rotation only in the crystallized state. When they are 
dissolved or fused the optical property disappears. Others, 
like active amyl alcohol, lactic acid, oil of turpentine, 
camphor, and sugar, are optically active whether in the 
crystalline or in the liquid state, or in solution. In the 
former case the molecules themselves do not have an asym- 
metric structure, but they unite to form crystals which do. 
We may liken this to the construction of a spiral staircase, 
an asymmetrical structure from sjTnmetrical bricks. When 
the staircase is again resolved into its component bricks, 
the asymmetry disappears. The optical activity ot these 
substances depends therefore upon a peculiar arrangement 
of the molecules to form an asymmetric structure. In the 
case of compounds which are optically active in the liquid 
state, the asymmetry resides in the molecules themselves. 

Ordinary lactic acid, obtained either by fermentation of 
milk or by synthesis, is optically inactive. There is in the 
normal muscle tissue of all higher animals, especially after 
activity, an appreciable amount of dextrorotatory lactic 
add. The typhus bacillus and various vibrios ferment 
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cane sugar with the formation of levorotatory lactic acid, 
and when these are mixed in equimolecular proportions 
there results the inactive acid identical with that obtained 
by synthesis or from fermented milk. Dextrolactic acid, 
from its presence in muscle, is called sarcolactic acid. It is 
present in muscle to the extent of .3-.5 parts per thousand. 
For brevity the two forms are written d- and 1-lactic acids. 

The reason for the difference in optical properties is best 
explained by the theory of Van't Hoff and Le Bel, who 
arrived at the same conclusions simultaneously and inde- 
pendently in 1874. The reasoning is briefly as follows : 

The four affinities of the carbon atom are not to be con- 
ceived of as lying in the same plane, otherwise isomers 
should exist in compounds of the general type Caabbj 
where a and b represent atoms or radicals (20). No such 
isomerism has ever been observed. The simplest assump- 
tion that we can make with regard to the distribution in 
space of the four atoms or groups attached to the carbon 
atom is that the direction of each makes equal angles with 
the directions of the three others. This is equivalent to 
saying that the four atoms or groups are situated at the 
solid angles of a tetrahedron in the center of which the 
carbon atom itself is situated. 

If the groups or atoms are all alike, they will be equally 
attracted by the carbon atom and the tetrahedron will be 
regular. If they are all different, the force with which each 
will be attracted will probably be different and they will 
arrange themselves at different distances from the carbon 
atom ; the tetrahedron will then be irregular, i.e. it will 
have no plane of symmetry. Any compounds of the for- 
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mula CHabc can exist in two forms called enantiomorphs, 
which are alike in the sense that an object is like its mirror 
image, but they will not be superposable. 





Fia. 11. 



A consideration of Fig. 11 will help to make this clear : 
If we consider any group of three of the atoms or groups, 




OH H0\ 




COOH 



COOH 



Fia. 12. 



as Hbc, looking toward the face about which they are 
arranged, any order as Hbc which is clockwise in one 
figure will be counterclockwise in the other. If they are 
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COOH 



at different distances from the carbon atom, any continu- 
ous curve passing through the four atoms or groups in any 
given sequence will form a right-handed helix in one case 
and a left-handed helix in the other. Such a structure 
would account for the observed optical properties of such 
compounds, Accordmg to this conception the two active 
lactic acids can be represented by the stereo-chemical 
formulffi in Fig, 12 : 

There Is a great difference 
ui the biological values of the 
d- and 1-lactic acids. When 
the mold PenicHliuin glavcum 
is grown upon a solution of 
ammonium lactate prepared 
from inactive fermentation 
lactic acid, and containing 

suitable inorganic salt additions, it is found after a time 
that the solution is dextrorotatory. The 1- form is used up 
as a source of carbon by this mold, but not the d- form. 

It has been already stated that synthetic lactic acid is 
inactive and consists of equal numbers of the d- and 1- 
forms. A brief consideration will show that this must 
inevitably be the result. If in Fig, 13 we substitute one 
of the hydrogen atoms of propionic acid, H or H', by some 
other element or radical, we must by the law of chance 
substitute H as frequently as H', since in propionic acid 
there is a. plane of symmetry from which H and H' are 
equidistant, and any force which comes into play in the 
motions of the sjinmetric molecules of a gas or liquid 
which affects oue of these hydrogen atoms, has an equal 
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chance of affecting the other. In the synthesis of hydroxy 
propionitrile the same reasoning holds good. When 
hydrocyanic acid condenses with acetaldehyde, Fig. 14, 
the addition will take place as frequently according to one 
scheme as the other, and the acid resulting from the hydrol- 
ysis of the nitrile must be inactive. 

The formation of inactive lactic acid in fermentation in- 
volves without doubt an addition of H and OH to an inter- 



ca 



CHs 



HCN 






-0-H 



mediary product of bacterial action in which the law of 
chance determines the positions which each radical takes. 
This will be further discussed in connection with fermenta- 
tion (164). 

The production of 1-lactic acid by certain organisms or 
the d-acid in the muscle tissues results from the cleavage of 
lactic acid from more complex compounds (sugars) which 
are themselves optically active and on which the positions 
of the H and OH groups are already determined in the 
molecule of the mother substance. 

Lactic acid is decomposed by heating with sulphuric 
acid into acetaldehyde and formic acid : 

CHa— CHOH— COOH = CH3— CHO + HCOOH 
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This decomposition is of interest because it shows the 
easiest line of cleavage of lactic acid. Acetaldehyde is 
without doubt formed from lactic acid in its decomposi- 
tion by living tissues. 

69. d-Alaniae^ a-aminopropionic acid^ 

CH3— CH— COOH 

I is a constituent of the protein 

NH2 

molecule and is formed on hydrolysis of the proteins by 
boiling with strong mineral acids. It is present in silk to 
the extent of over 20 %. It is formed, as are all the other 
amino acids found in proteins, by complete digestion of the 
latter with the enzymes, trypsin from the pancreas and 
erepsin from the mucous lining of the intestine. It is 
formed from a-chlor propionic acid on treatment with 
ammonia : 

CHa— CHCl— COOH +NH3 = CH3— CH— COOH +HC1 

NH2 

Also by the interaction of acetaldehyde with ammonium 

cyanide : 

HNH2 /NH2 

CHa— CHO+ = CH3— CH( +H2O 

HCN \CN 

/NH2 

CH3— ch; +2H2O 

\CN 

= CH3— CHNH2— COOH+NH3 

The reactions of alanine with chemical reagents are 
analogous to those of glycocoll (63). With nitrous acid it 
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This is known from its discoverer as the " Walden trans- 
formation." 

Alanine is a crystalline compound, soluble in 4.6 parts of 
water at 17°. It is nearly insoluble in alcohol. The ethyl 
ester can be distilled under diminished pressure without 
decomposition. 

CH2SH 



Cysteine, a-amino-j8-thio lactic acid, CH — NH2, occurs 



h 



;ooH 

as a constituent of certain proteins. It is the only 
derivative of proteins which yields sulphur. Cysteine is 
acted on by putrefactive bacteria, with the liberation of 
hydrogen sulphide and the formation of serine. 

CH2S — S — CH2 

I I 
CHNH2 CHNH2 



COOH COOH 

Cystine 

Cystine forms large hexagonal plates, and can be iden- 
tified by their characteristic appearance under the mi- 
croscope. 

Cystine is burned to carbon dioxide, water, ammonia, 
and sulphuric acid in the normal body, but there occurs 
an anomaly of metabolism in which this amino acid is reg- 
idarly excreted in the urine — the condition of cystinuria. 

The hydrogen sulphide of the digestive tract is derived 
from the action of microorganisms on cystine. 
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CH2OH 
Serine, a-amino-j8-hydroxy propionic acid, CH— NH2 



COOH 
is another amino acid found among the products of the 
hydrolysis of the proteins. It is especially plentiful in 
silk. It is closely related to cystine, on the one hand, and 
to alanine, on the other. 

70. Butjrric Acid. — Two acids having the for- 
mula C3H7COOH are known. Normal butryic acid, 
CH3 — CH2 — CH2 — COOH, is formed from primary 
propyl iodide by the action of KCN and subsequent 
hydrolysis of the resulting nitrile : 

CH3— CH2— CH2I +KCN = CH3— CH2— CH2— CN +KI 

CH3-^CH2— CH2— CN +2 H2O 

= CH3— CH2— CH2— COOH+NH3 

Isobutyric acid is formed in a similar manner from sec- 
ondary propyl iodide and KCN. It is therefore dimethyl 
acetic acid : 

CH3 CH3 CH3 

I I +2H2O I 

CHI +KCN = CH — CN ^ CH— COOH 

>- I I 



CH3 CH3 CH3 

Isobutyric acid 

Normal butyric acid is found in butter, as the glycerin 
ester, to the extent of 2-4 %. Several kinds of micro- 
organisms have been described {e,g. B. hutylicms) which 
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ferment sugars with the formation of butyric acid. 
All of these produce the aormal acid. It is not produced 
in putrefaction. B. hollohuti/rinis can produce butyric 
acid from calcium lactate. The mechanism of this trans- 
formation can be discussed more satisfactorily after the 
properties of the unsaturated compounds have been 
treated (164). Normal butyric acid is a colorless, viscous 
liquid with a. pungent, disagreeable, rancid odor. It is 
readily soluble in water, but is " salted out " by calcium 
chloride and other salts. It boils at 103°. 

The calcium salt (C4H7C>i)2Ca ■ HjO is more soluble in 
cold than in hot water. This pecuUar behavior is prob- 
ably to be explained by the formation at low temperatures 
of a compound between the Ca salt and water whereby a 
hydrate is produced which is soluble. This is unstable 
at higher temperatures, so that on heating the higher 
hydrate disappears and the salt with the lower water 
content, being insoluble, separates out. 

There is no a-amino butyric acid corresponding to glyco- 
coU and alanine found in nature. In very dilute solutions 
(.2-1.%) and in the presence of suitable salts and a source 
of nitrogen, various molds, yeasts, and bacteria can 
employ butyric acid as a source of carbon. It is toxic, 
however, and possesses the property of paralyzing the motor 
nerve endings without interfering with the power of the 
muscle to contract. 

CH 

71. Isobutyric Acid, "rCH— COOH, is a product 

of the putrefaction of proteins, where it results from the 



CIV 

)CH- 
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decomposition of valin or a-amino isovalerianic acid (73). 
This isomer of normal butyric acid is not formed in 
fermentation of the sugars. Its odor is similar to that of 
n-butyric acid, but is not so offensive. It boils at 154" 
and, unlike its isomer, its calcium salt, is more soluble in 
hot water than in cold. No amino derivatives of iso- 
butyric acid occur in nature. Its physiological and phar- 
macological properties closely resemble those of Ti-butyrie 
acid. 

72. Valerianic Acid, CHj— (CHs)i— COOH. — Four 
isomers are possible. There are but two of these which 
are of biological importance, the moat common one being 
isovalerianic or isovaleric, which is isopropylacetic acid 



)CH- 



CHs- 



-CHa— COOH 



4 



It occurs in valerian root and in other plant juices, and 
among the putrefaction products of proteins, where it is 
derived from the amino acid leucine (75). It results from 
the oxidation of fermentation amyl alcohol. B. P. 175°, 
It has an odor like that of old cheese. 

Bromine acts on isovaleric acid, forming o-brom iso- 
valeric acid. M. P, 44°, B. P. 150° and 44 mm. pressure. 

Omitliine, aS-diamirto valerianic add, does not occur in 
nature as such but is a cleavage product of arginlne (62), 
resulting from the hydrolysis of the guanidine radical. 
Ornithine is the mother substance of tetramethylene 
diamine, or putrescine, a base found in putrefying protein 
mistures. 
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CH,— CHr-CHr-€H— COOH - CQs 



NHj NHi 

o»«hi~ = CHj-CHj— CHj— CHs 



NH2 NHj 

PutroBoine 

73. Amino Isovalerianic Acid, Valin, 

(CH3)2 = CH-€H— COOH 

NH2 

is one of the products resulting from the hydrolysis of 
proteins by acids or by the digestive enzymes. It is 
therefore of great biological importance. It is not present 
in large amounts in any protein; edestin, a globulin from 
the hemp seed, yields more than any other protein yet 
examined (5.6 %). 

It has been prepared from sprouted lupine seeds, where 
it is formed by the digestion of the proteins of the seeds 
by proteolytic enzymes present in the germinating seeds. 
It has been produced synthetically by the action of am- 
monia on a-brom valeric acid, a method analogous to that 
by which amino acids in general are produced (63, 69). 
The product of synthesis is optically inactive, while that 
obtained from proteins is d-valin. The synthetic amino 
acid can be resolved into its optical antipodes by a chemi- 
cal method discovered by Pasteur. The principle of this 
method is as follows : 

The d- and 1- forms of optically active acids are exactly 
alike in configuration, being alike in the sense of an object 
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and its mirroi' image, and have therefore the same physical 
properties (density, solubility, etc.) except as respects their 
influence upon polarized light (20). There are in many 
plants organic bases of complex constitution which contain 
in their molecules one or more aaymmetric carbon atoms 
and are therefore capable of existing in optically active 
forms. As in the case of alanine and valiu and other 
amino acids to be described later, there is found in nature 
only one optical variety, the other being incapable of play- 
ing any rfile in biological processes. Examples of such 
natural plant bases are quinine, strychnine, nicotine, etc, 
\Vhen now an inactive mixture of d- and 1- acids ia 
treated in solution with an optically active {i.e. asymmetri- 
cal) base, as strychnine, there are formed salts of the acid, 
e.g. d, 1-valin, and base in the following combinations; 

I-strychnine 1-valin 

l-stryclmine d-valiri 

The salt molecules thus ])rotluced are no longer of the 
same structure and accordingly show diiferent physical 
properties, as solubility, etc The form having the greater 
insolubility tends therefore to crystallize out first when the 
solution is concentrated by evaporation of a part of the 
solvent. After recrystalUnation of the salt it is decomposed 
by the addition of a stronger alkali to it in solution, when 
the very sparingly soluble strychnine crystallizes out, 
leaving the optically active acid in solution as a metallic 
salt. The mother liquor contains the more soluble isomer. 

Mention has already been made of a second method of 
preparing one optical isomer from the inactive mixture 
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which is based upon the ability of a living organism to use 
as food but one of the two forms (66). This method 
applies only to the preparation of that form which has no 
biological value. 

Valin is the mother substance of isobutyl alcohol, as it is 
formed through the agency of yeast during fermentation. 
Yeast possesses the power to catalyze the following reac- 
tions : 

(1) CHa. 

>CH— CH— COOH 
CH,/ I 

+ H»Q ^X3H— CH— COOH + NH, 
CHa/ I 

OH 

o-oxy-isovalerio acid 

(2) CH3. , , 

>CH— CH— |C00|H 



CH/ I 

OH 

>- ^'CH— CH2OH + COj 

CHs^ 

Isobutyl alcohol 

It is this type of decomposition of various amino acids 
which leads to the formation of fusel oil. Amyl alcohol 
has its origin in a similar manner from the amino acid 
leucine (76). 

Under the influence of putrefactive bacteria (anaerobic 
conditions) the amino acids are deaminated^ i.e. lose the 
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amino group without losing the carboxyl group (decar- 
boxylation). 

CHsv 

>CH— CH— COOH + 2 H 
CH,/ I 

NHs 

vdine = >CH— CH,— COOH + NHs 
CH3/ 

Isovalerio aoid 

It is by this type of reaction that the valeric acid in 
feces and other putrefying mixtures is fonned. The 
anaerobic organisms have the power of obtaining oxygen 
from certain organic compounds, and in so doing hydrogen 
becomes available in the nascent state, when it effects such 
reactions as that just described. 

74. Caproic Acid, CH3(CH2)4— COOH.— The normal 
acid has been found in several plants, but it is of little 
biological importance. One of the isocaproic acids, iso- 
butyl acetic, 

(CH3)2 = CH— CH2— CH2— COOH 

is contained in butter in the form of its glycerol ester. 
This isomer is of interest because one of its derivatives, 
viz., a-amino-isobutyl acetic acid, called for brevity 
leucine^ is a regular constituent of the proteins, from which 
it results on hydrolysis. 

Lysine, a-e-diamino caproic acid, is one of the amino 
acids derived from the hydrolysis of proteins. It together 
with arginine (62) and histidine were formerly, and still to 
some extent are, designated as the " hexone bases " because 
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they each contain six carbon atoms, and it was suspected 
that they played a special r61e in the formation of sugar 
from proteins in the body. This is now known not to be 
the case. 

Lysine is a basic amino acid, and is precipitated along 
with the arginine and histidine by phosphotungstic acid. 
The three are collectively known as the diamino acids. 
This is not a fortunate name, since one of the three, histi- 
dine, contains but a single amino group. 

Putrefactive bacteria act on lysine, causing an elimina- 
tion of carbon dioxide from the carboxyl group, forming 
pentamethylene diamine, cadaverine, which occurs in 
putrefying protein mixtures. 

CH2— CH2— CH2— CH2— CH— COOH - CO2 



NH2 NH2 

Jjytane 



CH2 — CH2 — CH2 — CH2 — CH2 



H2 NH2 

Pentamethylene diamine 
CH3V 

76. Leucine, )>CH—CH2—CH— COOH.— Many 

CHs^ I 

NH2 

proteins yield 10-20 % of this amino acid on hydrolysis. 

The 1- form only occurs in natiu*e. The structure of 

leucine is established by its synthesis from isoamyl 

alcohol. This is oxidized to the corresponding aldehyde, 

which is then condensed with hydrocyanic acid to form 

the o-oxynitrile of caproic acid. The latter reacts with 
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ammonia with the replacement of the hydroxyl by an 
animo group. On hydrolysis of the nitrile to the corre- 
sponding acid inactive leucine results: 

CH3V 

>CH— CH2— CliOH +0 

CH3/ ~^ 

-\ 

CH3\ 

>CH-CH2-CH0 +HCN+N H3 

CH3/ 



>■ 



CHsv 

>CH— CHj— CH— CN + 2 H2O— NH3 

CH3/ I ^ 

a-amino-isovaleronitrile 

CHs\ 

>CH— CH2— CH— COOH 
CH3/ I 

NH2 

Leucine 

Leucine is the mother substance of the inactive isoamyl 
alcohol of fermentation. The reactions by which it is 
probably formed were described under valin (73). It is 
not definitely established however whether or not the 
steps in the reaction involve the formation of isovaleralde- 
hyde and formic acid : 

CH3V i 

>CH— CH2— CHOIH— COOH 

and the subsequent reduction of the aldehyde to isoamyl 
alcohol. Such a course is in harmony with the well-known 
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tendency of lactic acid to separate into acetaldehyde and 
formic acid (66). 

76. Isoleudne, NcH— CH— COOH, 

CH3 — CHa I 

NH2 

a-amino-methyl-ethyl propionic acid, has been isolated from 

beet molasses and from germinated peas, and occurs 

among the hydrolysis products of many proteins. Since 

so far as is known all of the amino acids found in proteins, 

with the single exception of glycocoU, are indispensable 

in the diet, all amino acids so derived are of the greatest 

interest and importance. 

Isoleucine is, like leucine, used by yeasts as a source 

of nitrogen and energy. It undergoes cleavage into an 

optically active amyl alcohol, secondary butyl carbinol, 

by the loss of carbon dioxide and ammonia : 

^CH— CH— COOH + H2O 
CHj — CH2 I 

NH2 

CHsv 

\CH— CH2OH + CO2 + NH3 

CH3 — CH2 

Putrefactive organisms change isoleucine into isocaproic 
acid, which is found in feces (74). 

77. Higher Fatty Acids. — From Ce upward only those 
members of the fatty acid series, CnH2n02, have any im- 
portance which contain an even number of carbon atoms. 
Those with an uneven number of C atoms either do not 
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occur or are found but seldom and in traces. This remark- 
able fact has led to much speculation as to the mode of 
formation of the fatty acids in the plant and animal 
world, since any proposed series of chemical changes which 
lead to the building up of these acids in nature must, to 
constitute a tenable hypotheaia, produce the even members 
only. Recently Miss Smedley of England has carried out 
synthetic work which throws much light on the mecha- 
nism of this synthesis. Its description must be deferred 
until certain other compounds are described (166). 

The interest in the fatty acids from Cb to Cib depends 
upon their great biological value as constituents of the fats. 
None of the fatty acids containing more than six C atoms 
are found in nature in the form of their amino derivatives. 
By definition fats are ike esters of the triatomic alcohol 
glycerol v>itk the fatty acids. Accordingly the ester of acetic 
or propionic acids would be classed chemicaUy with the 
fats, although they do not have the characteristic physical 
properties of the fats, viz, a smooth, greasy feel, insol- 
ubility in water, and oily character when melted. The 
term fat usually signifies only those members of the series 
which possess the physical properties of fats. The names 
of the fats are derived from the name of the fatty acid 
with the ending -in substituted for -ic. Thus the tri- 
ester of glycerol with formic acid is triformin ; with acetic 
and butjTic acid, triacetin, tributyrin, etc. 

Since three esters are possible according as one, two, or 
three acid radicals are joined in ester formation with one 
molecule of glycerol, we distinguish mono-, di-, and tri- 
butyrin, caproin, etc. 
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The fatty acids which are ot biological importance a 
I components of fats are, beginning with C* : 







M.P. 


Butyric acid 


c,H,a 


-7.9" 


Caproic acid 


CJI„0, 


-1.5' 


Capiylic acid 


CHlO, 


16.0' 


Capric acid 


C„H„0, 


31.4' 


Laurie acid 


C„H„Q, 


43.6' 


Myristic acid 


C„H„Oi 


53.8' 


Palmitic acid 


Ci.HbO, 


62.6' 


Stearic acid 


c,.H.,a 


69.3' 


Aracbic acid 


Gi.H„Q, 


77.0' 


Behenic acid 


&,H,.0, 


8S.0' 


Lignoceric acid 


C„H,A 


80.5' 


Cerotic acid 


C,.H„0, 





Mejissic acid 


CaoHjoOi 


88.0' 



The fatty acids above Cs are very slightly soluble in 
water. One part of caprylic acid is dissolved in 400 parts 
of boiling water, but on cooling it separates almost com- 
pletely in the crystalline form. The higher members are 
practically insoluble in water. They are more soluble in 
alcohol and dissolve readily in ether, chloroform, petro- 
leum, ether, carbon tetrachloride, and in the volatile esters. 

The most commonly occurring of the higher fatty acids 
are palmitic and stearic. They occur as esters of glycerol 
in both animals and plants. Their structure, as well as 
that of the lower members to Ce which occur in nature, 
is shown by synthesis and by degradation to be 'normal. 
By a method analogous to the formatioa of the ketones 
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(37) the higher fatty acids are convertible into the lower 
members of the series. 

Thus when barium stearate and barium acetate are 
subjected to dry distillation in a vacuum, barium car- 
bonate and margaryl-methyl-ketone are produced: 



C17H35 COOba+baO OCCH3 = C17H36— CQ-CH3 



On oxidation of the ketones the carbon chain is broken 
(37) and a fatty acid containing 17 carbon atoms, margaric 
acid, C17H35O2, and acetic acids are formed. By repeating 
the ketone formation and oxidation as described the carbon 
chain has been shortened by CH2 in successive steps with 
the formation successively of palmitic, myristic, lauric, 
and capric acids on each occasion when the product had 
an even number of carbon atoms. The acids up to capric 
have been synthesized by building up the carbon chain, 
e.g. by the formation of the nitrile from the primary halide 
of nonane, and hydrolysis of the nitrile to the correspond- 
ing acid. 



CHAPTER VII 

THE UNSATURATED HYDROCARBONS 

78. Alkylenes or Olefines, Cnlkn- — When halogens 
react with the hydrocarbons of the paraflSn series to form 
derivatives there is always formed one molecule of halogen 
acid, HCl or HBr, for each atom which enters the hydro- 
carbon in place of hydrogen. This is characteristic of 
substUiUion reactions. There is, however, another class of 
hydrocarbons which behave very differently toward 
chemical agents. When halogen comes into contact with 
the members of this series it is quickly absorbed or added 
to the molecule without the simultaneous formation of 
halogen hydride. Nascent hydrogen and the halogen 
acids are likewise absorbed by these hydrocarbons, the 
resulting compounds derived by hydrogen addition being 
identical with the hydrocarbons of the CnH2n+2 series, and 
those formed by the absorption of halogen or halogen 
acids are identical with derivatives of the saturated hydro- 
carbons of the same composition, produced by substitu- 
tion. Numerous efforts in the past to prepare a com- 
pound containing but one carbon atom and possessing the 
properties of the olefines have been unsuccessful. It has 
been already pointed out (2, 40) that the occurrence of 
many reactions of compounds containing carbon can best 
be explained on the assumption that very small amounts of 

153 
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the radical methylene CH2 = exist in dynamic equilibrium 
with molecules of different types. Thus the reactivity of 
methane, methyl alcohol, and methyl chloride depends 
upon the fact that each contains a relatively small per 
cent of ddive methylene particles at ordinary temperatures : 

\h \ h 

Hi=(X 5t HjCr +H2O HjCC -►H2CC +HC1 



V 5— H2CC +H2O H2Cy — >H2C\ 

79. Ethylene, CH2 = CH2. — When ethyl alcohol is acted 
upon by concentrated sulphuric acid or zinc chloride, 
powerful dehydrating agents, water is abstracted from the 
molecule and the simplest of the olefines, ethylene, is 
formed. The same change is effected by heating ethyl al- 
cohol alone to 650°. It separates into ethylene and water : 

CH2— CH2 _H,0CH2— CH2 

I I ^1 I ->CH2=CH2 

H OH 

Bthyl alcohol Intermediary Ethylene 

product 

Further instances of the formation of ethylene by dis- 
sociation are the following : 

/H at 800° 
Ethane CH3— CH( ^ CH2 = CH2 + H2 

\h 

CHs CH H . rrrvO CH2 = CH2 

Ethyl ether \o >■ +H2O 

CHj — CH — H CH2=CH2 
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yONa g^ 251" 

Sodium ethykte CHy— CHT >- 

\H CH2=CHj+NaOH 

•Clot gnno 
Ethyl chloride CH,— CH( »»CH2=CH2+HC1 

\h 

/Br 
Ethyl bromide CH,— CHf ->CH2=CH2+HBr 

M 

All the above decompositions take place at the tempera- 
tures named and the products on cooling do not recombine. 
Ethylene can therefore be obtained quantitatively by 
passing, e.g., ethyl chloride or bromide through a tube 
heated to the decomposition point. 

The assumption is made that two carbon atoms in the 
defines are bound together by a double bond. Adhering 
to the theory that in methane and its substitution products 
the carbon atom occupies the central position in a molecule 
in which the four attractive forces are directed so as to 
make equal angles with one another, i.e. as toward the 
four solid angles of a tetrahedron, the structures assigned 
to ethane and ethylene are as follows : 





Fig. 15. 



Fig. 16. 
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The double bond does not bind the C atoms in a more 
stable union than the single bond. On the contrary, as has 
been stated, there is a pronounced tendency for the double 
bond to absorb with avidity atoms or groups and to pass 
into a " saturated " condition. Compounds containing 
the double bond, are, because of this property, spoken of as 
" unsaturated "' compounds. The unsaturated compounds 
are given the ending ene preceded by the name of the alkyl 
radical from which they are derived. This high reactivity 
of the oiefines is doubtless due to the existence of a con- 
siderable amount of dissociated particles H — CH — CH — R 

along with the form represented by Figure 16, for the 
double bond. These are in dynamic equilibrium with 
the undissociated form, and when compounds capable of 
absorption become available, the dissociated particles are 
rapidly removed and more double bonds dissociate until 
the reaction is complete : 

CHi = CHi *^ CH2— CHi ^!^-* CHiR— CHjR 

I I 

Another method of preparing ethylene and its homo- 
logues confirms the hypothesis advanced concerning its 
structure. Thus ethyl iodide, when treated with aqueous 
KOH, yields ethyl alcohol. With alcoholic KOH solution 
it yields ethylene : 

CH3— CHJ+KOH = CHa— CHo— OH+KI 

AqUBOUs 

CH— CH,I+KOH - CH,=CH,+KI+H,0 
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When ethylene is mixed with hydrogen and passed over 
finely divided nickel heated to 300°, addition of hydrogen 
atoms takes place and ethane is formed : 

CHj = Ca + Hs = CHs-CHa 

In a similar manner halogen acids are absorbed by the 
olefines with the formation of halogen derivatives of the 
paraffins : 

CHs = CH2 + HI = CI^l3-CHJ 

This reaction takes place with moderate speed at about 
the boiling point of water, but HBr reacts much more 
slowly than hydriodic acid and HCl does not react at all. 
This finds its explanation in the fact that the acid as a 
molecule is not added by the olefine, but its constituent 
atoms; HI is an easily dissociated acid, readily liberating 
iodine, in the presence of even feeble oxidizing agents; 
while HCl is a very stable acid. HBr is intermediate In 
its stability. Since the bond between H and CI must be 
broken before addition can take place, the firm union in 
HCl prevents its reaction. 

The olefines are much more easily oxidized than are the 
saturated compounds. While ethane is not oxidized by 
potassium permanganate or chromic acid, the olefines are 
readily attacked. Dilute permanganate oxidizes ethylene 
to ethylene glycol : 

CHj = CHs + HOH + O = CH5OH— CH2OH 

The decolorization of dilute permanganate solution 
serves to detect unsaturated compounds in a mixture of 
hydrocarbons. 




ymi^ vie ;M^ ixint ^^sk: euMaoef if 
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'Hijij tyjMf of Fmlr>gen r^r/mpound differs markedly from 
t^iif alkyi hali/Ji;ti in which the halogen is linked to a carbon 
aUmi having only wngle bonds* While in the alkyl halides 
tJ»i? httlogitn Ih rttiuWly replaceable by hydroxyl, alkyl, 
amino Kranim, etc,, this property is almost wholly wanting 
in c^mipoun/ls whr>se halogen is linked to carbon with a 
doubln bond. They do not react with alkalies to produce 
alcohols nor with sodiurn ethylate to produce ethers. 
Iiiiit4sa<l ther«5 ani formed compounds which are substitu- 



The Unsaturated Hydrocarbons 



161 



lion products of the triple bond hydrocarbons, the acety- 
lenes (83). From CHj— CClj— CHa by the abstraction 
of two HCI there never results a diolefine CHj = C «,CHi, 
as might he expected. 

An isomer of a- and ^-chlor propylene is known as 
allyl chloride, CH2 = CH— CHjCl. This reacts just as 
do alkyl halides, notwithstanding the presence of the 
double bond in the molecule. Thus with KOH it yields 
allyl alcohol : 

CHj = CH— CH^Cl + KOH = CH^ = CH— CHiOH + KCl 

This alcohol will be described later (85). 

82. The Diolefines. — Compounds containing twodouble 
bonds are known which have considerable importance. 
Allene, CHa = C = CH2, is a gaseous hydrocarbon which 
can be prepared from tribrom propane by the abstrac- 
tion of one molecule of IIBr by means of alcoholic KOH, 
and the subsequent removal of the remaining two bro- 
mine atoms by zinc dust : 

— HBt 
CHsBi— CHBr—CHiBr > CHj = CBi— CHiBr 



.rapyUo 



-2 Br, 



" CHj >= C = Ct^ 

It is a colorless gas. 

CH., 
Isoprene, >C— CH-CH,, is a liquid, B. P. 37°. 

It is formed by the destructive distillation of India 
rubber, and also by passing turpentine through a tube 
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heated to redness. On treatment with acids it poly- 
merizes, forming rubber again. 

It is also formed from isobutyl carbinol, one of the amyl 
alcohols, by the following series of transformations: 

CHav PCUCHsv 

)CH— CH2— CH2OH > )CH— CH2— CH2CI 

CH3/ CIl/ 

+2 CI CHav 

-^--> ;cci— CH2— CH2CI 

— 2HC1 >:— CH = CH2 
^ CH2^ 

In the presence of metallic sodium it polymerizes to a 
product having the physical properties of rubber, but not 
identical with it chemically. 

Butylenes. — Three butylenes are known, and this 
number only is theoretically possible. 

CH3V 

CH3 CH2 CH = CH2 yC = CH2 

CH3 — CH = CH — CH3 

They are prepared by methods analogous to propylene, 
They differ from ethylene in their tendency to polymerize 
when treated with H2SO4 or ZnCl2. Numerous higher 
homologues of this series are known. 

83. Acetylenes. — On treatment of dibrom ethane with 
alcoholic KOH two molecules of HBr are abstracted with 
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the formation of a still more highly unsaturated com- 
pound acetylene : 

CHjBr CHBr CH 



— HBr 



— HBr 



CHjBr CH2 CH 

Dibioip ethane Yinyl bromide Acetylene 

Acetylene is a gas which shows all the properties of the 
olefines, but is more unsaturated and reacts with two mole- 
cules of halogen acid^ four halogen 
atoms^ etc. In conformity with the 
theory of the tetrahedral structure 
of the methane molecule the struc- 
ture of the triple bond hydrocarbons 
is to be represented as in Figure 17. 
The carbon atoms united by a 
double bond possess less freedom of 
movement with respect to each 
other than those united by a single 
bond^ and two united by a triple 
bond possess still less freedom of 
movement with respect to each 
other. This conception is in har- 
mony with a special type of isomerism which is shown by 
compounds having the double bond as contrasted with 
those in which no double bond is present. That carbon 
atoms which are doubly and triply bound are under a 
strain, which leads to their tendency to change from the 
unstable state into other forms is further indicated by 
the heats of formation and of combustion of ethane, 
ethylene, and acetylene : 
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Heat of 

COMBUBTION 


Heat of 
Fobmahon 


Ethane 

Ethylene 

Acetylene 


372.3 Cal. 
341.1 Cal. 
313.8 Cal. 


23.3 Cal. 
-14.6 Cal. 
-51.5 Cal. 



Whereas ethane is formed from its elements with the 
liberation of 23.3 Cal. of heat for each gram molecule, 
energy must be supplied to induce the formation of the 
double bond and still more to form the triple bond. We 
may liken the formation of these unsaturated compounds 
to the bending of a bow into a position of tension. While 
under a strain and possessing stored up energy it has a 
strong tendency to change to a body of a new conforma- 
tion. 

When placed under pressure greater than two atmos- 
pheres, acetylene is readily exploded by a shock. The 
change which takes place is one of polymerization, three 
molecules uniting to form one molecule of benzene. The 
nature of this change will be treated later (166). 

Preparation. — Acetylene is formed from ethylene bro- 
Baide by the abstraction of two molecules of HBr. This is 
ir^adily effected by heating with alcoholic KOH : 



CHaBr CH 

I +2 KOH = III +2KBr+2H20 

CJlaBir CH 
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CHBrj 
I +2Zn = III +2ZnB!^ 

CHBri CH 

A ctaracteristic property of hydrocarbons containing the 
group HC= is the formation of insoluble metallic com- 
pounds of the composition CjAg^ and CjCuj, silver and 
cuprous acetyiides respectively, when acetylene or its 
monoalkyl derivatives are passed into an ammoniacal solu- 
tion of silver nitrate or of cuprous chloride. This prop- 
erty b utilized in analytical work to determine the acety- 
lene content of a mixture. The quantitative capacity to 
absorb bromine serves as an estimation of the total un- 
saturated group (olefines and acetylenes), and the amount 
of metaUic derivative forms a basis for the calculation of 
the content of doubly and triply unsaturated hydrocar- 
bons in the mixture. These compounds are highly explo- 
sive when dry. They are decomposed by hydrochloric 
acid with the regeneration of acetylene : 

CiAgi + 2 HCl = CH =CH + 2 AgCI 
Derivatives of acetylene in which both hydrogen atoms 
are substituted by alkyl groups do not form these metallic 
compounds. Acetylene is most conveniently prepared 
by treating calcium carbide with water. When lime and 
carbon (coal) are heated together in an electric furnace, the 
calcium oxide is reduced and calcium and carbon combine 
to form calcium acetylide, commonly called calcium 
carbide, CtCa. This compound reacts with water some- 
what violently with the evolution of considerable heat 
and the formation of acetylene : 

CCa+2H»0 =CH^CH+Ca(OH), 
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When liberated through a suitable burner, acetylene 
burns with an intensely luminous flame. Its mixtures 
with air are much more dangerously explosive than are 
mixtures of air and coal gas, due to the reactive properties 
of the acetylene as compared with the paraffin hydro- 
carbons, and also to the wide limits of composition of air 
and acetylene which form explosive mixtures. Mixtures 
containing 3 to 82 per cent of acetylene are explosive, 
while the limits for coal gas are only 5 to 28 pei cent. In 
addition the velocity of propagation of the reaction be- 
tween o^gen (of the air) and acetylene is much greater 
in the case of the acetylene mixture, which intensiEes the 
force of explosion. 

The carbides of certain other metals yield hydrocarbons 
other than acetylene. Aluminum carbide yields methane 
on decomposition by water. Uranium carbide yields mix- 
tures of methane and of liquid and solid hydrocarbons. 

Acetylene, CH=CH, is a gas of unpleasant odor. One 
volume of water dissolves about 1 volume of the gas; 
benzene and alcohol dissolve 4 and 6 volumes respec- 
tively, at ordinary temperatures ; while acetone, which is 
the best solvent, dissolves 25 volumes, and much greater 
quantities under pressure. 

It can be synthesized from its elements by passing an 
electric spark between carbon poles in an atmosphere of 
hydrogen, a small amount of methane and ethane being 
simultaneously produced. It is produced in small amount 
when many organic substances are subjected to incom- 
plete combustion. 

Acetylene is more poisonous than ethane or ethylene. A 
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content of one volume per cent of the gas in air pro- 
duces narcosis with failure of the heart and of respiration. 
Higher homologues of acetylene in which the hydrogen 
atoms are replaced by alkyl groups are likewise known. 

SUBSTITUTION PRODUCTS OF. THE UNSATURATED 

HYDROCARBONS 

84. Vinyl Alcohol, CH2=CH0H, has never been 
isolated and its existence is uncertain. When vinyl 
bromide is treated with KOH we should expect the forma- 
tion of an alcohol of this type, but a rearrangement of 
atoms takes place with the disappearance of the double 
bond between the carbon atoms. When vinyl alcohol is 
to be expected, acetaldehyde is obtained : 

CH2 = CHBr + KOH =CH2=CH0H 

^ CH3— CHO + KBr 

Unstable 

In a similar manner the abstraction of water from glycol 
leads to the formation of acetaldehyde and not vinyl 
alcohol: CH2OH „^ CH2 CH3 

I ~"^^> II — > I 

CH2OH CHOH CHO 

Unstable 

86. Allyl Alcohol, CH2=CH— CHjOH, is best pre- 
pared from the monoformic ester of glycerol or morw- 

formin: 

CH2OOCH CH2 



CHOH — CO2 and H^O (.^^ 



CH^OH CH2OH 
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The structure of this compound is made clear by the 
following behavior : 

(1) It behaves like an alcohol in reacting with sodium 
with the evolution of hydrogen. ^ 

(2) It yields an acetyl derivative when treated with acetyl 
chloride. 

(3) With nascent hydrogen (Zn + HJSO4) it is converted 
into normal propyl alcohol. This shows that the alcohol 
radical is attached to an end carbon atom and is therefore 
a primary alcohol. 

(4) The evidence that it is a primary alcohol is sup- 
ported by the fact that it yields an aldehyde and an acid 
containing the same number of carbon atoms as the alcohol 
itself. 

ActyUc Aldehyde, Acrolein, CHj=CH— CHO, is best 
prepared by the abstraction ot two molecules of water from 
glycerol. This is best effected by heating with potassium 
bisulphate. The reaction which takes place is probably 
the following : 



CH,OH CH2 

CHOH_li^'^ C 

I 
CH2OH CHOH 



CH 

I 

CHO 




This behavior is in agreement with experience which, as 
pointed out above, leads to rearrangement of the atoms 
with the formation ot an aldehyde wheuever we should 
expect the formation of an alcohol group in union with a 
doubly linked carbon atom (Ms). 
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Allyl alcohol is found as an ester in the form of allyl 
isothio-cyanate, CjHsNCS, in the seeds of mustard. It 
is not free but combined with glucose as a glucoside (161). 

Allyl Sulphide, (CsHs)iS, is the principal constituent of 
oil of garlic. 

Acrylic aldehyde, or acrolein, can in turn be oxidized to 
the corresponding acid, acrylic acid : 
CHi=CH— CHO+0 = 

p-Amino Adds, R— CH— CHj— COOH, are unstable 

and readily split off ammonia with the formation of un- 
saturated compounds. Thus ^-iodopropionic acid yields 
with ammonia iS-aminopropionic acid which splits off 
ammonia, forming acrylic acid. 

86. Acids of the Oleic Series, CJcl-m-sOi. — The first 
member of this series of acids, which differ from the 
saturated fatty acids by having one double bond, is acrylic 
acid. The second member, methyl acrylic acid, is known as 
crotonic acid. It is formed by the action of dehydrating 
agents upon ^-oxy-butyric acid, The latter compound 
is formed directly by the condensation of two molecules of 
acetaldehyde by the " afdol condensation " (32, 124) ; 
CHa— CHOH— CHi— COOH 

~^^9 CHa— CH=CH-COOH. 

This acid occurs in croton oil. It is a crystalline sub- 
stance which melts at 72" and boils at 180°. At 19° it is 
soluble in 12,5 parts of water. 
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There is however an isocrotonic acid which is an oil 
which boils at 172® and when maintained for a time at a 
temperature of 170-180 goes over into crotonic acid. 
Both of these acids yield normal butyric acid on treatment 
with nascent hydrogen and have, therefore, the normal 
carbon chain. They exhibit a kind of isomerism which 
cannot be explained by the ordinary constitutional for- 
mulse. This type of isomerism, which is peculiar to the 




COOH 



ethylene compounds, is the necessary result of the restric- 
tion of motion of two carbon atoms linked by a double 
bond. Thus butyric acid may be represented as in Figure 
18. 

The system of the carbon atom at the center of the upper 
tetrahedron and its three combined atoms or groups should 
have no restriction as to the relative positions which they 
may assume with respect to the carbon atom at the center 
of the lower tetrahedron and its system of atoms and 
groups. Each should be free to rotate freely about 
their common axis, and all the possible arrangements 
probably occur ; and because all are constantly shifting, 
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one into every other possible position, there is but one 
normal butyric acid. 

When, as in crotonic acid, we establish the double bond 
(Fig. 19), the two carbon atoms affected by the double 
bond lose their freedom of rotating about a common 
axis independently of each other, and we should expect 
different physical properties to result from these two differ- 
ent structures. This type of isomerism will be more 




COOH // :iCOOH 

Cia form Trans form 

Fig. 19. — Crotonic Acids. 

fuDy dealt with in connection with maleic and fumaric 
acids (133). Since a considerable number of compounds 
of this class have been studied, in many of which it is easier 
to decide which compound represents the cis and which the 
trans form, the following generalizations may be made: 
The acid having the cis form is much the more soluble ; 
it has also the lower melting point, and in the case of the 
monobasic acids is the stronger acid of the two (more 
highly dissociated). 

In addition to the two isomers of crotonic acid just de- 
scribed, two other acids of the same formula are known. 
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that represented by crotonie and isoerotonic acid. Oleic 
acid represents the cis and elaidic acid the trans form. 

The position of the double bond in oleic acid is established 
by the fact that when compounds containing this linkage 
are oxidized, the oxidation takes place at the point of 
imsaturation ; thus: 

CHr— CH = iCH— COOH 

Crotonie acid 

^^^^ CHa— COOH +HOOC— COOH 

Aoetio acid Oxalic acid 

<:H,=CH— COOH ii2» HCOOH+HOOC— COOH 

Acrylic acid Formic acid 

the oxidation in all such cases leads first to the forma- 
tion of two secondary alcohol groups : 

CHa— CH— CH-<:(X)H 



OH OH 

then a separation of the carbon chain. Thus oleic acid 
when oxidized with a dilute solution of potassium per- 
manganate yields, first dihydroxy stearic acid, then 
pdargonic acid, CH3 — (CH2)7 — COOH, and azeliac acid, 
COOH— (CH2)7— COOH. From this evidence it is con- 
cluded that the double bond in oleic acid is at the middle 
of the chain, i,e. between the ninth and tenth carbon atoms. 
88. Acids with two Double Bonds, CnH2n-4Q2 ; Linolic 
Acid, C18H32O2. — In many plant oils there occur fatty 
acids which tend to take up oxygen and harden to a resin- 
like state. Such acids show a chemical behavior which 
indicates that they possess two double bonds. These are 
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'u.:». : " ■ ii^ tc'jv r^'au^e of their prevalence in linseed 
*i."s AiT "ti^rij:::^ this class of acids are found espe- 
•vsij • ■ ».-vi!><w.. wahiut, cedar, and hemp oils and to 
^vs;^ --^'v. :t .vr*: oil and in many other oils, but not in 
s. ^;!j^ % x»* ,^*ic or the whole as in liijseed oil. On this 
t'^-,-^*-; xv*\'i\:s tbx* ^xvuliar value of the latter oil for 
•X ••;?w*.-.;.::^*.*.ii>' ,*f :>aiuts. 

•M.\ %».'i: <ui rvmaius an oil at -18®. It absorbs 4 

^.,\ »:-^ I n^itiiMc. or two molecules of hydriodic acid. On 

.^.^..^.•M: i 'Oiis A tetraliydroxv derivative. On vigor- 

u.-v ^».vA-'v»ii ^%'ch hydriixlic acid and phosphorus, it 

vix:v x<trtA-\ .wiii. like oleic and stearic acids, linolic 

V N. ^•vv -v t\»i**iiiil Aiivi not a branched structure. The 
vv.!viLsviiit<:v ^ iiiolic aoid is Si>luble in all the ordinary fat 
><*'v^iwv .\».x>'i ;vcr\»leam ether. This last solvent dis- 
s^i^x.v v*H..5l^ :il>a>iu stearic acid, and can be employed 

.V .. .><iii. t»v»iii> oc Jistiii^iishing between the two. 

V!Ni.«c«. -^ACiat 'iu^K^ IVmUe Bonds, CnH2,»-602; Linoleic 

Vv*c. . lo.vV Pus av'ivl inrurs especially in linseed 

». V ... viv .•x ;i Nitil 'Ui;iKTdei:nH;^the " drying " property. 

\ o.v 'w^^^ivinio, aiivl when oxidized with dilute 

V .».. ^.*-..-k xviiiiK'ii .i hv'\ah\droxy stearic acid. The 
. N ^ ..;. KvKx x>»ataiii fatty acids containing two 

.vv v'v.0%0 Viivis. 

...V x,.*'^ A^ «oie ihat the solubility of the hy- 

, ^ . . ^ N ON -i ^Viiur rai.>idl\" increases with increas- 

>. \^-r\v -^«'^>i4»s. Oi hydroxy stearic acid 

o.c. «.AU%;vuri>\v stearic acid, difficultly 

V ;v N.*uoi;itx oi the hexahydroxy acid is 



CHAPTER VIII 
THE FATS, WAKES, AND RELATED COMPOUNDS 

89. The Animal Fats. — Most important among the 
animal fats are the body fats of the ox, sheep, and swine, 
and butter fat. As has already been stated, fats are the 
glycerol esters of the higher fatty acids. The body fats of 
animals react practically neutral, and contain but a trace 
of volatile fatty acids. The relative amounts of the differ- 
ent acids contained in the fats of different species differs 
widely and even the fats from the same species vary in 
composition with the character of the food fats. Thus 
lardy which is the collective tenn for the fat of the hog, 
may melt as low as 28° when the diet consists of corn meal 
only, when it contains over 90 per cent of olein ; or as high 
as 35.6° when the animals are fed a ration of oats, peas, 
and barley. 

From the same animal the body fats from different parts 
may show different melting points owing to their variable 
content of olein. Thus the fats surrounding the kidney 
may melt as high as 43° in the hog. Triolein is a liquid 
at 0°, while tripalmatin and tristearin melt at 62 and 71.5° 
respectively. Human fat is especially rich in olein, fre- 
quently melting as low as 17.5°, while tallow regularly 
melts at 45-46° and the fat of the sheep at 46-51°. The 
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8p. gr. .960-.968. Other fats range in specific gravity 
from .850 to .950. 

91. Properties of the Fats. — Since the natural fats do 
not represent i^tli^'iclllal chemical compounds, but mixtures 
of several kinds, their physical properties depend upon the 
proportions in which they are mixed, and especially on the 
content of olcin. They are insoluble in water, but slightly 
soluble in cold alcohol. They are readily soluble in ether, 
petroleum ether, benzene, chloroform, and in other solvents. 

The fats can be heated to 2(XI-'250* without undergoing 
any essential change, but above this temperature they 
evolve the irritating vapors of acrolein (CHj = CH — CHO), 
which causes profuse secretion of tears. This has its 
origin from glycerol, from which it is formed by the 
loss of two molecules of water (86). This test b best 
carried out by heating the fat with {Mtassium bisulphate 
(KHSO«). This acrolein test serves to distinguish the 
fats from the mineral oils, oily esters, and other substances 
having the physical properties of fats or oils. 

The commercial fats on keeping become rancid. This is 
due to the action of the oxygen of the air, es]»ecially in the 
presence of liglit, which greatlj' accelerates their oxidation. 
In the process of becoming rancid the neutral fats become 
acid in reaction. Fats, especially from plant sources, are 
liable to become acid in reaction owing to their containing 
the enzjine lipasr, which accelerates the hydrolysis of 
esters into alcohol and acid. In part the rancidity of im- 
pure fats is brought about by the action of bacteria on 
the proteins, carbohydrates, etc., with which they are 
ooDtaminated. 
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The fats are all saponifiable (hydrolyzable), as are other 
esters : 



CH,— OOCiJli, HOH CH,OH 

I I 

CH— OOCHji +HOH-CHOn - 

I I 

CHi— OOCi,H„ HOH CH,OH 

tVipalmitm Water Ctycerol 



SCsHaiCOOH 



Hydrolysis can be effected by heating with water alone 
under pressure, but takes ])lace slowly because of the great 
insolubility of fats in water. Both acids and alkalies 
greatly accelerate the reaction. Technically enormous 
quantities of tats are saponified by means of sodium hy- 
droxide for the preparation of soap, and for the produc- 
tion of glycerol (glycerine). In the laboratory fats are 
usually saponified with an alcoholic solution of potas- 
sium hydroxide, in which the fats are much more solu- 
ble than in water. Their solution greatly facilitates the 
reaction. 

92. Soaps. — Soap is made by boiling the fats with a 
solution of sodium hydroxide until saponification is com- 
plete. Sodium soaps are readily soluble in water, but not 
in strong brine, so common salt is added to precipitate the 
soaps. The solution from whicli the soap separates con- 
tains the excess of lye (NaOH) together with the glycerol 
formed in saponification. From the evaporated residue 
of this solution glycerol is prepared by distillation under 
diminished pressure. The soap, which has been precipi- 
tated in a fiaky form, is separated, melted, and cast in 
molds. 
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ions. The acid ions combine with the hydrogen ions of 
the water to form undissoclated fatty acid molecules. 
The acids thus liberated combine with a molecule of soap 
and form insoluble substances which give the milky 
appearance to water solutions of soap. The amouut of 
free alkali produced depends on the degree of dilution of 
the soap solutions. Strong soap solution scarcely causes 
the pink color characterisitc of alkalies with phenol- 
phthalein, and the depth of pink steadily increases as the 
solution is dLuted with water. 

When fats come into contact with soap solutions, they 
tend when agitated to form an emulsion, i.e. the droplets 
of fat break up into verj' fine particles, each surrounded 
by a film of soap solution which separates each drop from 
its fellows and prevents their union into larger drops and 
consequent separation. The action of soap in remo\'ing 
grease is therefore twofold : the free alkali will saponify a 
part of the fats and thus part will pass into solution -as 
soap ; the remainder isemulsified and remains permanently 
suspended in the soap solution. 

As the free alkali is used up by the saponification of fats, 
more soap dissociates to replace that which has disappeared. 
Soap therefore serves as a reserve supply of alkali, and 
in washing there is automatically maintained a constant 
content of hydroxyl ions in solution without at any time an 
undesirably high content. Soap is for this reason superior 
to a free alkali solution for washing. A dilute solution of 
the latter would show a progressive decrease in hydroxyl 
ions as its use progressed. 

Soap does not readily remove the higher hydrocarbons, 
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such as vaseline, unless there is simultaneously present 
some fat or oil. 

94. Mefliods for fbe Characterization of flie Fats. — 
The chemical nature of the fats is indicated by their 
physical characters and by their behavior toward certain 
chemical reagents. 

The melting point and the temperatures at which the 
fats solidify after having been melted serve to show the 
general nature of the fats, whether principally stearin or 
palmatin, or containing much olein. 

The adi number gives the miUigrams of KOH necessary 
to neutralize the free fatty acids contained in one gram of 
fat. For its determination, 1-2 grams of the fat in 12-15 
c.c. of a mixture of 1 part of alcohol and 2 part of ether, 
which should react neutral to phenolphthalein indicator, 
are titrated, using this indicator with a 1/10 normal solu- 
tion of potassium hydroxide in alcohol. Fresh animal 
fats are nearly neutral, but on becoming rancid or on long 
keeping the acidity rises markedly. This nimiber gives 
an idea as to the state of freshness of the fats. 

Saponification Number. — Since each molecule of fat re- 
acts with three molecules of potassium hydroxide to form 
glycerol and three molecules of soap, the nimiber of carbon 
atoms in the fatty acids contained in the fats will deter- 
mine whether little or much alkali will be necessary to 
saponify a standard quantity of fat. The saponification 
niunber indicates the niunber of milligrams of potassium 
hydroxide necessary to neutralize the fatty acids derived 
from one gram of fat. It is determined by dissolving a 
weighed amount of fat in a carefully standardized solution 
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of potassium hydroxide in alcohol, and heating until 

saponification is complete. Water is then added and the 
free alkali in the solution is titrated by the addition of 
standard acid to the neutral point, using phenolphthalein 
as indicator. The difference between the KOH content of 
the solution employed to saponify the fat and the alkali 
remaining unneutralized after the saponification shows 
how much alkali has been neutralized by the fatty acids 
formed. Essentially this method is a determmation of the 
molecular weight of the fat, as the following table shows : 




MO^ W^HX 


BimmnoATVtK 


Butjrin 

Caproin 

PaJmatin 

Stearin 

Olein 


302 

33e 

806 
890 
884 


557.3 

436.1 

208.8 1 

1S9.1 1 

190.4 1 




1 

Unsa-ponijiahle Residue. — It is obvious that the saponi- 
fication number can give reliable data concerning the 
molecular weights of the fatty acids contained in the fats, 
only when glycerol is the only alcohol present in the fats. 
Now it not infrequently happens that there occur with the 
fats certain other alcohols, as cetyl and octadecyl alcohols 
and cholesterol (C17H43OH), an alcohol of high molecular 
weight which is structurally very different from the higher 
alcohols derived from the aliphatic hydrocarbons (99). 
These occur free or in ester linkage with fatty acids. 
Cholesterol possesses physical properties very similar to 
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the fats and fatty acids, and occurs free and as est«ra 
almost universally distributed in animal and plant tissues. 

I Since these alcohols have ntolecular weights of 242, 270 
and 384 respectively, whereas that of glycerol is but 92, 
the saponification number can be properly interpreted 
only when the content of these higher alcohols is known. 
These alcohols are collectively estimated by repeatedly 
shaking with petroleum ether the solution of the soaps, 
glycerol, and higher alcohols obtained in the determina- 
tion of the saponiEcation number after again making it 
alkaline after the titration. Petroleum ether does not 
dissolve soaps, glycerol, or potassium hydroxide, but 
readily dissolves the higher alcohols in question. After 
separating the petroleum ether, filtering, and evaporating 
it, and again taking up the residue of higher alcohols in a 
fat solvent such as ether, the solution is filtered, and the 
solvent evaporated in a weighed dish. The residue is 
weighed after keeping the dish in a desiccator until its 
weight is constant. This weight represents the higher 

I alcohols which were present in the sample of fat. 

A few typical values of the higher alcohols in some com- 

' mon fats will illustrate the importance of this determina- 
tion. 





nsiUroNlHADLB M. 


Linseed oil 


.42-l.U 


Olive oil 


.46-1.0 


Castor oil 


.30-.40 


Corn oil 


1.35-2.90 


Wheat oil 


4.45 


Human fat 


.33 


Laid 


.30-.40 
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Shark liver oil 


7.0-10.5 


Sperm oil 


37.0-41.0 


Beeswax 


52.0-56.0 



The Iodine Number. — The relative content of saturated 
and unsaturated fatty acids in fats is determined by the 
capacity of the fats to absorb iodine. As an example 
of the determination of this value, the Hiibl method will 
be described : 

(1) A standard solution of iodine containing 25 grams of 
iodine and 30 grams of mercuric chloride dissolved in 
500 c.c. of alcohol, free from fusel oil. 

(2) A solution of sodium thiosulphate containing 24 
grams of the salt per liter. This solution is standardized 
by determining the number of milligrams of iodine which 
is reduced by a cubic centimeter of the solution. 

The sample of fat, .3 to .4 gram of olein-rich fats or .8 
to 1 gram of solid fats, is weighed into a glass stoppered 
bottle and dissolved in 15-25 c.c. of chloroform. It is then 
heated with 25 c.c. of the iodine solution. After 6 to 10 
hours 20 c.c. of a 10% potassium iodide solution is 
added, the whole diluted with water, and the unabsorbed 
iodine is titrated by means of the sodium thiosulphate 
solution. The KI is added to prevent the separation of 
iodine in the solid state on dilution with water. 

The following values illustrate the iodine values for 
several kinds of fats : 

Iodine Numbers Pube Fats 

Olein 86.2 

Linolein 173.6 

Linolenin 262.2 
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loDnnB NuMBEBS OF Natural Fats 



Tjnseed oil 


17Q-200 


Hempseed oil 


145-150 


Almond oil 


93-97 


Olive oil 


80-88 


Palm oil 


51 


Coconut oil 


8-9 


Tallow (beef) 


38-^5 


Tallow (mutton) 


35-45 

4 


Lard 


50-70 


Butter 


26-38 



Rewhert-Meissl Nurnber (Volatile fatty acid number). — 
It has already been stated that certain fats contain much 
larger amounts of the fatty acids of lower molecular weight, 
as butyrin, caproin, etc. These acids, after saponifica- 
tion of the fat with an alkali and subsequent acidification 
with a non-volatile mineral acid, pass over with steam 
when the mixture of fatty acids and water is distilled. 
The distillate is titrated with standard alkali, using phenol- 
phthalein as indicator. The number of cubic centimeters of 
1/10 normal alkali required to neutralize the volatile acids 
from 5 grams of fat constitute the ReichertrMeissI number. 

The values of the Reichert-Meissl number for some of 
the more important fats are as follows : 

Linseed oil 0.0 Palm oQ 5.0-7.0 

Olive oil 0.6 Coconut oil 6.5-7.0 

Lard .7 Croton oil 12.-13.5 

Tallow .5 Butter fat 21-33.0 

Goose fat »2- 2 
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This method of examination is of great service for the 
examination of butter for adulteration. No other fat 
approximates the high value of butter fat in volatile fatty 
acids, and the lowering of this value by the addition of 
vegetable fats or the body fats of animals is readily de- 
tected. 

Acetyl Number. — Very few of the natural fats contain 
hydroxylated fatty ad.ds. Chief among these Is castor 
oil, which in ricinoletc acid contains a secondary alcohol 
group {90). The amount of hydroxy fatty acids is arrived 
at through treatment of the fat with acetic anhydride 
(64) and heat, whereby the hydroxyl group of the fat 
forms an acetic ester : 



R . /CO— CHa 

>CHOH+0< 
'/ \po— CK, 



R' 



HC— OOC— CH, 
+ CH3— COOH 

Such esters are stable to boiling water, and the excess of 
acetic anhydride can be converted into acetic acid by 
boiling : 

CCHa— €00)20 + HsO = 2CH3— COOH 

The acetylated fats are then separated mechanically, 
since they are insoluble in water and form a layer. After 
washing these free from acid reaction and collecting on a 
filter paper they are dried at 100° to constant weight, A 
carefully weighed sample (2-5 grams) is then saponified 
with an excess of carefully measured standard solution 
of alcoholic potassium hydroxide N/10, When saponi- 
fication is complete, the same volume of N/10 acid is 



J 
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added as was added of N/10 alkali in the saponification 
and the solution warmed. The aqueous layer is then 
siphoned off through filter paper and the remaining oil 
is washed until all soluble acids are washed out. The 
filtrate and washings are titrated with N/10 alkali, using 
phenolphthalein as an indicator. Soluble fatty acids 
must be determined separately and their amount deducted 
from the value found. 

The following table shows the values for the acetyl 
number of some common fats : 



Linseed oil 4.0 

Olive oil 10.5 

Pahn oil IS.O 

Lard 2.6 



Beeswax 15.2 

Cod h'ver oil 4.8 

Shark liver oil 12.0 

Seal fat 16.5 



Tallow (beef) 2.5-8.6 Spermaceti 



4.5 



Wool wax 



23.0 



The elaidin test depends upon the fact that oleic acid 
changes from the ds to the trans form (86) with a marked 
rise in melting point when treated with nitrous oxide. 
The test is carried out by placing the oil (10 c.c.) in a test 
tube with nitric acid (.5 c.c.) underneath it, and placing 
in the acid a piece of copper (.2 gm.). If much oleic acid 
is present, the fat will have become solid at the temper- 
ature of 25° by the following day. Fats having two or 
three double bonds do not give this test. 

The Hexahromide Test. — Dibrom and tetrabrom stearic 
acids result from the absorption of bromine by oleic and 
linolic acids or their fats. Both of these are soluble in 
ether. Linolenic acid having three double bonds, yields a 
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produced by a leaf louse in Finland, is the eater formed of 
psylla alcohol, CjaHeyOH, and psytla acid, CaaHBaOj. Bees- 
wax consists principally of myricyl alcohol and cerotic 
and melissic acids in ester combination. It is employed 
by the honeybees for protecting their eggs and larvte 
against cold and also for honeycomb. It also contains 
impurities gathered from plants. 

The gland at the base of the tail in birds secretes a 
liquid wax which the birds spread over their feathers 
to render them waterproof and soft. This wax consists 
of palmitic, stearic, and oleic acid esters of octadecyl 
alcohol, CisHsgO. 

Spermaceti is a wax, principally cetyl palmitate, which 13 
obtained from a cavity in the head of the sperm whaie. 
From this cavity a canal runs to the tail and branches 
communicate with pockets in the panniculus. The wax 
is thus conveyed to all parts of the skin, which it permeates 
and protects from the action of the sea water. Similar 
esters are found in whale oil and in the oil from dolphins. 

The production of spermaceti is closely analogous to the 
secretion of wax by the tail glands of birds and to the uni- 
versal distribution of the sebaceous glands in the skin of 
the higher animals which produce an oily secretion of 
liquid wax which protects the skin and hair. 

Wool wax (lanolin), the natural covering of sheep's 
wool, contains much cholesterol and oxycholesterol in the 
free state, and also as esters of several fatty acids, espe- 
cially myriatic, cerotic, and lanoceric. Wool wax also con- 
tains other higher alcohols, as carnaubyl, CmHsoO, and 
lanolin alcohol, CuHuO. 
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96. Lecithins and other Phosphati4es. — As constitu- 
ents of every living cell, both animal and plant, there 
occur compounds closely related to the fats, called lecithins. 
These on hydrolysis yield one molecule of glycerol, two 
of fatty acid, one of orthophosphoric acid (UPO^), and one 
of choline (48). 

Glycerol forms with phosphoric acid an ester, glycero- 
phosphoric acid : • 

CH2OH CH2OH 



CHOH 



= CHOH 



CHa lOH +H[ 0— P0(0H)2 CH2— O— P0(0H)2 

Glycerophosphorio acid 

Lecithins are regarded as complexes of the following 
structure : 



Glycerol 
residue 



CH2— OOC— R 

I 

CH— OOC— R 



Fatty acid radicals 



CH2— O 



HO^I 
O 



Phosphoric acid radical 



CH2 — CH2 



N=(CH3)3 



OH 



Choline group 



Little is known with certainty of the chemistry of the 

various lecithins. It is evident that diflFerent fatty acids 
o 
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ill the molecule would lead to leeithins of different proper- 
ties. Furthermore there is the possibility that two differ- 
ent fatty acids may be linked in the same molecule, forming 
mixed lecithins. Isomerism is likewise possible due to the 
different linking of the phosphoric acid-choHne group : 
CHjO— fatty acid A CH^O— fatty acid A 



CHO— fatty acid A 

CHjO — phosphoric acid-choline 



or CHO — phosphoric 
I acid-choline 

CHsO— fatty acid A 



The investigation of this class of compounds presents 
almost insurmountable difficulties. They are of a waxy 
nature, and do not form compounds with other substances 
which can be crystallized, for purposes of purification, and 
they cannot be distilled without decomposition, and have 
no definite melting point. There is therefore no criterion 
by which to judge when one is in possession of an indi- 
vidual chemical compound or is dealing with a mixture, 
except constancy of composition of the material after 
repeated solution and precipitation of the lecitlun. This 
is carried out in most instances by dissolving the lecithin 
in ether and pouring the solution into a large volume of 
acetone in which lecithin is insoluble. The precipitates 
are always amorphous. When on repeating this method of 
purification the precipitate is found to contain the same 
percentages of nitrogen and phosphorus, these being the 
easiest elements to determine quantitatively, the assump- 
tion is often made that the precipitated material represents 
' a chemical individual. Instances are known however in 
which two substances precipitate in fairly constant pro- 
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portions under such conditions, so that such a method of 
purification cannot inspire much confidence. 

Among the compounds formed by lecithin which have a 
crystalline structure, and which are serviceable for its 
purification, are the cadmium chloride double salt, which 
can be crystallized from a mixture of benzene and alcohol. 

The lack of satisfactory criteria of purity for compounds 
of this class has rendered their investigation uninviting 
as compared with other lines of study. This in a measure 
accounts for the paucity of our knowledge of these com- 
pounds. 

Birds when fed certain fat-free and lecithin-free foods 
can grow and produce eggs containing much larger 
amounts of lecithins than the bodies of the birds contained 
at the beginning of the experiment. The lecithin complex 
is therefore synthesized in the animal cells from its con- 
stituents. It has been pointed out (92) that fatty acids 
and glycerol can be formed by the animal body from sugars 
and proteins. The synthesis of lecithin by birds shows 
that the choline complex is also synthesized by the animal 
cells. Diets on which birds accomplished this synthesis 
contained neither glycol nor trimethylamine. The steps 
by which choline is formed are not clearly understood, but 
it is evident that the animal cells can, under certain condi- 
tions, form methylated nitrogen compounds, as trimethyl- 
amine, as it is known to do with tellurium and selenium (6) . 

(CH3)3=N— CH=CH2 
Neurine, | , trimethyl-mnylr 

OH 

amrnonium hydroxide. — We are by no means certain that 
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choline is the only nitrogen base contained in the natural 
compounds of the lecithin type. Thudicum, a worker of 
distinction in this field, states that from certain phospha- 
tides of the brain (cephalin) he obtained neurine. It is 
highly probable that bases other than choline exist in 
lecithins. Neurine is derived from choline by the loss of 
a molecule of water : 

CH2OH CH2 

-H2O 

CH2— N = (CH3)8 ^ CH— Ns(CH3)8 



OH OH 

Choline Neurine 

Neurine is much more toxic than choline. 
Choline, being an alcohol as well as a base, can yield an 
aldehyde on oxidation : 

GH2OH CHO 

+0 

CH2— N=(CH3), ~*" CH2— Ns(CH,) 



OH OH 

Muscarine 

As an alcohol, choline yields esters with various acids. 
These in general possess pronounced pharmacological prop- 
erties, being much more toxic than choline itself. 

97. Muscarine, a highly toxic substance, occurs in 
some of the poisonous mushrooms, but appears not to be 
toxic enough to account for all of their poisonous prop- 
erties. 
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Other phosphatides (compounds yieldmg fatty Kcids, 
glycerol, some nitrogen-coiitaiiiing base, and phosphoric 
acid) have been described, among them cephalin, the 
acids of which are more unsaturated than those of ordinary 
lecithins. The base is apparently not choline. It is not 
as yet satisfactorily studied. 

98. The Cerebrosides- — There is found in the nervous 
tissue a group of substances which contain no phosphorus, 
but yield on hydrolysis a nitrogen-containing base of 
unknown chemical nature, a sugar (galactose), and a fatty 

^acid. They are not found in embryonic nervous tissues, 
Hbut develop during medullation. IVo such compounds 
^nre pkrenosin and kerasin. They still need further study 
to reveal their chemical structure. 

99. Sterols. — The brain at different ages contains 
varying amounts of cholesterol (4-9 %) and possibly several 
more or less closely related compounds of this nature. Its 
content increases with age. As stated under waxes (96) 
cholesterol is an alcohol of high molecular weight. Its 
formula is represented by CjvH^sO. Several of its esters 
are known. Its structure has been in part elucidated. 

_ Its alcohol group is a secondary one, since it oxidizes to a 

Hftetone. It also contains a double bond, as shown by its 

Hftorming an addition product with bromine or iodine. The 

structure of the rest of the molecide is not yet estabhshed. 

Compounds closely related to cholesterol are found in the 

fats of plants. These are called phytosterols. 

Cholesterol is a crystalline solid, insoluble in water, 

ringly soluble in cold, but readily in hot, alcohol, ether, 

petone, chloroform, and other organic solvents. Choles- 
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terol melts at 147 °. It forms an acetyl derivative (ester) 
when heated with acetic anhydride, which melts at 114** 
and is useful in identifying cholesterol. 

Cholesterol forms with a natural glycoside, digitonin, 
a compound sparingly soluble in 95% alcohol. It is 
frequently precipitated in this form and weighed in its 
quantitative estimation. 

An isocholederol has been described as occurring in 
lanolin, and a derivative called coprosterol has been iso- 
lated from feces. It has no double bond and results from 
the reduction of cholesterol, due to bacterial action. 



CHAPTER IX 

THE DIBASIC ACIDS 

100. It has been shown how hydrocyanic acid reacts 
with water, forming ammonium formate (60). In fact, 
aolutions of HCN are mistable, tending to react with 

water : ^^^ + 2 H2O = HCOONH* 

Hydrocyanic acid is therefore the nitrile of formic acid. 

CN 
Cyanogen, | , on the other hand, when heated with 

CN 

adds reacts with water to form oxaUc acid : 

CN COONH4 COOH 

I +4HjO =1 =1 +2NH, 

CN COONH* COOH 

Ammonium oxalate 

Cyanogen has therefore the double formula indicated. 
Oxalic acid occurs in nature in many plants — rhubarb, 
sorrel, etc. It is deposited as its salt, calcium oxalate, in 
the leaves and cells. These crystals have the appearance 
of envelopes. Oxalic acid is of great importance in ana- 
lytical chemistry. By reason of its possession of two car- 
boxyl groups it forms two series of salts, acid and neutral. 
The most important salts are the acid potassiim:! and the 

neutral calcimn salt. The former is present in the juices 

199 
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of many plants, from which it is obtained in a crystalline 
form on evaporation. The calcimn salt is so slightly 
soluble in water and in dilute acetic acid that it is em- 
ployed for the quantitative estimation of calcium. 

The salt of urea with oxalic acid is soluble in 23 parts 
of water and in 60 parts of alcohol. This compound has 
been employed for the isolation of urea from urine. 

With great care and with proper conditions oxalic acid 
can be decomposed by heat into formic acid and carbon 
dioxide : COOH 

1 >HC00H+CQ2 

COOH 

On heating strongly the formic acid decomposes into 
water and carbon monoxide. The calcium salt on being 
heated forms calcium carbonate (calcium oxide + carbon 
dioxide) and carbon monoxide : 

COO^ 

I ;Ca = CaO + Ca + CO. 

COO^ 

Oxalic acid can also be formed by quickly raising sodium 
formate to a high temperature. 

2 HCOONa = H2 + (C00Na)2 

Dehydrating agents such as concentrated sulphuric acid 
decompose oxalic acid, forming carbon monoxide, carbon 
dioxide, and water. This is a convenient way of preparing 
carbon monoxide. Characteristic of oxalic acid is its 
conversion into volatile products without charring when 
heated on platinum, and also the absence of charring when 
it is heated with concentrated sulphuric acid. In dilute 
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sulphuric acid it is easily oxidized by potassium perman- 
ganate solution. This decolorization of dilute permanga- 
nate solutions is caused by many other compounds. It 
is also formed by the oxidation of many organic substances 
such as starch, wood, etc. It results from the oxidation of 
alcohol by potassium permanganate. The various stages 
through which the oxidation may pass are illustrated by 
the following scheme : 

CHa CHa CHa CH2OH CHO 

I +0 I +0 I +0 I +0 I 

CHaOH-^CHO — ^COOH— ^COOH "^COOH 
+ • 

CHiOH CHO CHO/ COOH 

I +0 I +0 I 

CH2OH -^ CH2OH -^ CHO COOH 

This series of compounds illustrates what not infre- 
quently happens in reactions involving the oxidation of 
organic compounds. The reaction does not proceed with 
the formation of the end products indicated by the simple 
equations usually written, but stepwise, and with the 
formation of a number of oxidation products. Only be- 
cause the oxalic acid is highly resistant to further oxida- 
tion under certain conditions does the reaction stop at 
this point instead of going on to carbon dioxide and water. 
In many synthetic reactions the same type of change 
occurs, viz. there is a principal reaction accompanied by 
a number of side reactions which form by-products and 
diminish the yield of the desired substance. By allowing 
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the reaction to proceed for but a short time or conducting 
it at low temperatures, etc., the intermediary compounds 
can frequently be accumulated in greater amounts. 

Properties of Oxalic Acid. — It crystallizes from water 
in colorless prisms containing two molecules of water of 
crystallization. In this form it melts at 101.5°. On 
being heated for a time at 100° it loses its water and forms 
a white powder of anhydrous acid which melts at 189°. It 
dissolves readily in alcohol but very slightly in ether, and 
is insoluble in chloroform, petroleum ether, and benzene. 

Oxalic acid is a strong acid. On evaporating a solution 
of sodium chloride with oxalic acid, sodium oxalate crys- 
tallizes out, and on heating a mixture of sodium chloride 
and oxalic acid, hydrochloric acid gas is evolved. It is 
a corrosive poison which acts very quickly. In general 
it cannot serve as a source of carbon for molds or bacteria, 
but there are some observations tending to show that cer- 
tain organisms can so use it. Oxalic acid is produced from 
iiUgarH by certain molds. 

lu the higher animals oxalic acid is burned to but very 
slight extent. 

The dibasic acids form esters, amides, etc., as do the 
miuioba^iic acids. There is in each case, however, a deriva- 
tive pi>Asible iu which but one carboxyl is substituted, as 
well iwi one d^^rived by the reaction of both acid radicles. 

COOH 
104. MiUwte Acid, C\\% . — This acid results from the 

I 

CO()H 
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nitrile which is formed by the reaction of monochloraeetic 
acid with potassium cyanide : 

CN COOH 

CH2-CI I I 

I +KCN=CH2 +2H20 = CH2 

COOH I I 

COOH COOH 

This method of synthesis makes clear its structure. 

Malonic acid is a crystalline compound melting at 132°. 
It is found in beet juice. On heating to 140-150° it de- 
composes with the formation of carbon dioxide and acetic 

acid: 

COOH— CH2— COOH = CQ2 + CHa— COOH 

This property is common to the dibasic acids in which 
the two carboxyl groups are linked to one carbon atom. 
When heated above their melting points they lose one 
molecule of carbon dioxide. 

102. Malonic Ester Synthesis. — The most important 
derivative of malonic acid is its diethyl ester. It is a 
liquid with a slight odor which boils at 195°. It is re- 
markable for the peculiar behavior of the hydrogen atoms 
of its methylene group. When malonic ester is treated 
with sodium, hydrogen is evolved and a metallic derivative, 
sodiomalonic ester, is formed : 

COOC2H6 

I 
CHNa 



COOC2H6 

Sodiomalomc ester 
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This property of the hydrogen atoms of methylene 
groups being replaceable by metals is found only in com- 
pounds in which the methylene group is linked on both 
sides to strongly negative groups. Other instances of this 
character will appear later (see aceto-acetic acid, 127). 

This compound reacts with alkyl iodide just as do the 
sodium alcoholates (24), the sodium being replaced by the 
alk^vl groups : 

COOCtHj COOC2H6 



CHXa + ICHa = CH-rCHa + Nal 



aXXMU COOC2H6 

Malonio ester 

'l^ resultiiig alk^'l derivative on saponification yields 
fiuikjilnu^Qnic (JK^L which on heating above its melting 
point d^waipivses into propionic acid. 

aXKVU COOH CH3 

-f 2H20 -C02 1 

CH aU^^- ^CH-CHa ^CH2 

I • I 

V^WX'all* COOH COOH 

tv uv^tiu^ UH?t\vhualonic ester with sodium the second 

l\\vUv»4W iiv rvpi^'^t by metal and this in turn can be 

.v^\.u\uu\l b^ UHr^K>U eth^vl, etc. groups, which on loss 

\ \\\ ^^<.W Mii^ih^l^ wethyl-ethyl, etc., derivatives of 

v\\\v\ ks<si* \ii^- ivvMyWi* and isovaleric acids. The 

•V VvNV \^v^v \\*^h^^^^ i* thert^fore a general method for 

\v\\\ v^^ v\\ \^ vV t^^ttWtH^ monobasic fatty adds as well 
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Malonic acid and urea condense to barbituric acid (139). 

103. Succinic Acid. — 
COOH This acid occurs in the urine after ingestion of 
I asparagus. It is found in amber, fossilized wood, 

Y^2 and many plants. It is crystalline and melts 
Qjj at 182^. That this acid is a homologue of 
I malonic acid is shown by its synthesis from ethy- 

COOH lene bromide, through ethylene cyanide, which 
on hydrolysis yields succinic acid. 

CHaBr KCN CH2— CN CH2— COOH 

I + ->| . +4H20->| 

CHiBr KCN CH2— CN CH2— COOH 

Ethylene eyanide. 

The dibasic acids can likewise be synthesized by the 
malonic ester synthesis. Not only does sodiomalonie 
ester react with alkyl halides (102), but with halogen de- 
rivatives such as the ester of chloracetic acid : 

COOC2H6 COOC2H6 



CHNa +C1— CH2— COOC2H6 = CH— CH2— COOC2H5 

chlor ethylaeetate I 

COOCjHs COOC2H8 

I 

COOH 



COOH 



-CO2 I 
CH2 ^ CH— CH2— COOH 



CH2 COOH 

I 
COOH 
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boil at 304°. It is easily soluble in water, alcohol ai 
ether. 

106. Glutamic Acid, COOH— CHj— CH^— CHNH, 
COOH, a-anUTw glutaric acid, is preseot in many protei 
forming about 40 % of the total nitrogen eontent of 
wheat proteins, gliadin and gluteuin. The naturally 
occurring form is dextrorotatory, bui its salts rotate the 
plane of polarized light to the left. Its diethyl ester boils 
under 10 mm. pressure at 139-140°. Glutamic acid is 
uble at 16° in 100 parts of water. It forms salts with 
acids and bases as does aspartic acid (104). Of specii 
importance for its isolation is the hydrochloride, which 
is very sparingly soluble in concentrated hydrochloric 
acid. On saturating its solutions with hydrochloric at 
gaa the hydrochloric acid salt separates on cooling nei 
quantitatively. This property differentiates it from 
partic acid (120). 

107. Glutamine, CONH^— CH^— CH,— C] 
COOH, is found widely distributed in the sap of plan! 
After everything which is precipitable by lead has been 
removed from plant extracts, glutamine is precipitated by 
mercuric nitrate. Certain other amino acids are likewise 
precipitated with it, so that its purification is not simple. 
It is much more soluble in water than is asparagine. It 
seems highly probable that glutamic acid occurs within the 
protein molecule as glutamine. On hydrolysis with acids 
the amide group is converted into ammonia (90). 

108. Adipic Acid, COOH— (CHi)4— COOH, is said 
occur in beet juice. It is formed by the action of sil' 
on j3-iodio propionic acid. 



i me 
boils II 

lecii^^^V 
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HOOC— CH2— CH2 ll + II CH2— CH2— COOH 




= HOOC— (CH2)4— COOH 

It melts at 148®. It is of interest mainly because it is 
convertible into a ring structm'e. This will be described 
later (111). 

PImeUc Acid, COOH— (CH2) 5— COOH, has not been 
found in nature. It melts at 103^, and is soluble in 25 
parts of water at-20°. ^ ^ 

Suberic Acid, COOH— (CH2)6— COOH, melts at 14r. 
At 15.5° one part of the acid is soluble in 600 parts of 
water. 
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tions which are of interest, starting with the calcium salt 
of adipic acid : 

CH2 0x12" 



COO. 

>Ca 
CH2— CH2— COlO'^ 



CH2 CH2V 

I >co 

0x12" — CH2 



Calcium adipate Ketopentamethylene 

The structure of the ketone derivative of pentamethyl- 
ene is further shown by the fact that it oxidizes to glutaric 

»c^d : CH2— GH2— COOH 



CH2— COOH 

Pentamethylene itself is obtained by reducing its ketone 
derivative to a secondary alcohol, then replacing the 
hydroxyl of the alcohol by iodine by treatment with hydri- 
odic acid, followed by the replacement of the iodine by 
hydrogen f 

CH2 — CH2V CH2 — CH2V 

I ^CO fH. I ^CHOH 

CH2 CH2 CH2 CH2 

^ CH2 CH2V CH2 CH2V 

+HI I NcHI +2H I ^CH. 

CH2 — CH2 CH2 — CH.2 

Pentamethylene 

Pentamethylene is a liquid boiling at 50°. It will be 
recalled that normal pentane boils at 37°. While the 
tetramethylene ring shows a tendency to open and add 
two halogen -atoms, it does not undergo this change as 
readily as does trimethylene. Pentamethylene, however, 
ia so stable that it does not react with bromine. It is 
exceedingly stable toward oxidizing agents, as nitric acid, 
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and shows none of the tendency of unsaturated compounds 
to condense with sulphuric acid (126). 

<CH2 — CH2V 
yCll2, is 
CH2 — CH2 

formed from the calcium salt of normal pimelic acid in a 
manner entirely analogous to that described for the for- 
mation of pentamethylene. 

Hexamethylene is stable toward oxidizing agents such 
as potassium permanganate, and does not form an addition 
product with bromine. It has an odor like petroleum, and 
boils at 69°. 

113. Heptamethylene, 

^0x12 CH2 V 




/CH2 
H2— CH2/ 

The ketone derivative of this hydrocarbon can likewise 
be prepared in the manner just described by dry distilla- 
tion of the calcium S&lt of suberic acid, COOH — (CH2)6 — 
COOH. And an eight-membered ring results from the 
calcium salt of azeliac acid, COOH — (CH2)7 — COOH. 

The stability of the polymethylene compounds in- 
creases up to pentamethylene. There is little difference 
in stability between this and hexamethylene, but ring 
structures having seven and eight carbon atoms show 
progressive decrease in stability. The reason for this 
was suggested by Baeyer, and was formulated in the 
following way : — 
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" The four valences of a carbon atom act parallel to 
lines forming the corners of a tetrahedron with its cen- 
ter, making angles of 109° 28' with one another. The 
direction of the valences can be altered, but any such 
alteration produces a strain whose amount is propor- 
tional to the angle through which the valences are 
diverted." 








The following figures show the angle of deviation neces- 
sary for the formation of the ring structure in the several 
polymethylenes : 

Trimethylene 24° 44' 

Tetramethylene 9° 44' 

Pentamethylene 0° 44' 
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Hexamethylene -5° 16' 

Heptamethylene -9° 33' 
Octamethylene -12^51' 

The strain is least in the case of pentamethylene among 
all the eyclo methylene compomids, which corresponds 
with its stability. 

In harmony with the facts mentioned in support of the 
validity of the " strain theory " is the observation that 
heptamethylene when heated with bromine in a sealed 
tube changes to a methyl-substituted hexamethylene ring. 
These compounds are often called cyclopropane, cyclo- 
butane, cyclopentane, etc. 

The formation of a ring structure has in itself but little 
influence upon the properties of the hydrocarbons. 

114. Anhydrides of the Dibasic Acids. — Oxalic and 
malonic acids do not form anhydrides. Succinic and 
glutaric acids readily lose the elements of a molecule of 
water from within a single molecule of the acid, forming 
cyclic anhydrides : 

CH2— COOH CH2— COv 

I ^H20= I >0 

CH2— COOH CH2— CO^ 

Succinio anhydride 

/CHi— COOH /CH2— CO. 

CHs< -H20 = CH2< >0 

^CH2— COOH ^CH2— CO^ 

Glutario anhydride 

Molecular weight determinations of these anhydrides 
have shown that the anhydride formation does not take 
place between two molecules of acid. Simple solution of 
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these anhydrides in water converts them back into the 
acids from which they were derived. 

The failure of the two and three carbon dibasic acids to 
form anhydrides is in harmony with the " strain theory " 

(113). 

116. Succinimide. — When the ammonimn salt of suc- 
cinic acid is heated strongly to the distillation point, a mole- 
cule of ammonia and one of water are split off and a ring 
structure containing the imide group =NH is formed : 

CH2-COONH4 CH2— CC\ 

I -NH3 and H2O = I ym 

CH2— COONH4 CH2— G(K 

Succinimide is a crystalline compound which melts at 
125° and boils at 288°. On warming with barium hy- 
droxide solution it takes on one molecule of water, forming 
the half amide of succinic acid : 

CH2— COv CH2— COOH 

I )NH+H20= I 

CH2— CCK CH2— CO— NH2 

Glutarimide is produced in a similar manner from the 
ammonium salt of glutarie acid. These are examples of 
compounds in which nitrogen takes part with carbon in 
the formation of cyclic compounds. 

116. Pyrrol, 
CH=CHv ^s formed from succinimide by distilling 

I /NH, the fatter with zinc dust, which ab- 

CH=CH^ stracts oxygen : 

CH2— COv ^^ CH=CHv 

I ;nh -20 I \nh 

CH2— CO/ CH=CH/ 



The Polymethylene Compounds 217 

Pyrrol does not take up halogens directly, as would be 
expected from its possessing two double bonds. This 
peculiarity of certain cyclic compounds differentiates them 
sharply from the olefines. Pyrrol can, however, take up 
two atoms of hydrogen when reduced with acetic acid and 
zinc dust (nascent hydrogen), and the resulting Pyrroline, 
or dihydropyrrol, absorbs two atoms of bromine as do the 
olefines. This peculiar behavior has led to the assumption 
that instead of the double bond between the two pairs of 
carbon atoms one bond from each of the four is directed 
toward the center of the ring. This form should be very 
stable as compared with the double bond. The fact that 
nascent hydrogen is taken up by pyrrol probably finds an 
explanation in the existence of a small amount of the 
formula containing the double bond in dynamic equilib- 
rium with the centric formula : 



CH— CH 



HC CH 



CH CH 

\/ 
NH 




HC CH 

\/ 
NH 



Active modification Principal form 

^ Inactive 

When two atoms of hydrogen are absorbed the centric 

formula is changed to one containing a double bond, as in 

pyrroline : 

CH — CH2 H2C — CH2 

II I +2H= I I 
CH CH2 H2C CH2 

\/ \y 

NH NH 

Pj'rroline Pyrrolidine 
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derivatives of hsemoglobin^ the respiratory pigment of 

■ .'Jle blood. Pyrrol derivatives are present in nicotine, an 

Si4&Bloid contained in tobacco, and in the alkaloids of the 

^ iipopine group, e.g. atropine, cocaine, etc., and in the bile 

> ^figments.^ The structure of the pyrrol derivatives is indi- 

•Mtedthus: 

. yS'HC— €H/8 



a'HC CH« 

\y 

NH 

The pyrrol derivatives important from the biological 
standpoint are the following : 

CHt — C — C — C2I15 CH3 — C — C — CjHj 

II II II 



CH3— C CH HC C— CH, 

\/ \/ 

NH NH 

laohiemopyrrQl Kryptopyrrol 

^-ethyl, a'H3'-dimethyl pyrrol a-methyl-i8-ethyl-/3'-methyl pyrrol 

CH,— C— C— C2H6 CH3— C— C— CH2— CH2-€00H 



CH3 — C C — CI13 CI13 — C CH 

\/ \/ 

NH NH 

Fhyllopyrrol Iaoi)honopyrrol carborylio acid 

•HBiethyl-^-etl^l-a'-jS'-diinethyl ^-propionic acid-a', /S'-dimethyl pyrrol 

pyrrol 

All four of these are derived from hcBmatin, a substance 
containing iron which is present in the blood in combina- 
tion with globin, a protein. The entire complex is called 
haemoglobin. This has the power of combining with 
oxygen in loose combination and thus serves to transport 
oxygen throughout the body. 
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Wmmm, C33H3204N4FeCl, crystallizes out when defibrin- 
ated blood is dropped into a large volume of glacial 
acetic acid containing some sodium chloride, the solution 
being heated to 95®. This treatment separates the 
hoBmatin from the hsemoglobin, and the compound hsemin 
which crystallizes out is the hydrochloride of hsematin. 
It forms minute bluish black crystals with a metallic 
luster. It is insoluble in water, alcohol, or ether, but 
dissolves in chloroform containing quinine or pyridine. 
From such a solution it crystallizes out when alcohol con- 
taining suflBcient hydrochloric or acetic acid to neutralize 
the base (quinine or pyridine) is added. 

Hsemin contains two carboxyl groups. It combines 
with two molecules of hydrobromic acid. The iron becomes 
loosened in this reaction, and some further imknown change 
takes place. The dibrom compound when hydrolyzed 
loses its bromine, the latter being replaced by two hydroxyls. 
The resulting compound, known as huematoporphyrin, is a 
dihj'droxy-dibasic acid : qjj 

XIOOH 

TKb when heated with methyl alcoholic potassium 
^J^>iv^^^Kfc^ in pyridine solution undergoes reduction and 
k»«^ t>Kv> liH>lecules of water: 

OwllwOtNi + H2 = C33H36O4N4 + 2 H2O 

HK" ^H^K^UCt thus obtained is called hsemoporphyrin. 
1 1 i.^ »i iUtnteiic ackt On heating hsemoporphyrin with soda 
liiiw v^ lulviurv of CaO and NajO) the two carboxyl groups 
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are destroyed, COi being split oflF, and a new compound, 
cetioporphyrin, is formed. The following formulae for the 
last-named derivatives have been proposed by WiUstatter : 

HC=CH 



CH,— €— CH X— C 



II \n n/ 

C C' 



C2H6 — C — C^ ^C — CH 

yc — cf 

C2H6 C^^^^Cv yC^— C C2H5 

I >NH HN< I 

CH3— c=c< x;=c— CH, 

x;h3 I 

CH, 

^tioporphyrin, CnHisNA 

HC=CH 



CHa— C — CH j^^ — ^ 

CjHj— C— C/ ^— CH 

HOOC— CH,— CHj— C=C<' N:=C— CHr-CHr-COOH 

NH HN 
CHg — C=C v/^^C — CUs 



CH3 CH3 

Hsemoporphyrin, C»Hm04N4. 

iEtioporphyrin is, according to the researches of WiU- 
statter and his pupils, the mother substance from which 
both chlorophyll and hsematin are derived. In both 
therefore the molecules consist of four substituted pyrrol 
groups. They assume that the iron in hsematin is united 
with nitrogen. 

In chlorophyll the condensed pyrrol nucleus possesses 
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two carboxyl groups which are united with two alco- 
hols, methyl alcohol and phytol, a secondary alcohol with 
the formula QoHsbOH, to form an eater. Instead of 
iron, chlorophyll contains magnesium linked to nitrogen. 
A number of decomposition products of both haematin 
and chlorophyll have been described and carefully 
studied with a view to elucidating their chemical 
ture, but their description would be beyond the scope 
of this book. The essential tact to be borne in mind j| 
the close chemical relationship between these plant 
animal pigments. 

It should be pointed out as an interesting biological fact 
that carefully conducted feeding experiments with labora- 
tory animals have shown that neither chlorophyll nor 
heematin is an essential constituent of the diet. The ani- 
mal body is able to construct the red respiratory pig- 
ment from certain of the amino acids yielded by the 
proteins of the food. Probably those containing the 
pyrrol ring are of particular importance for this purpose. 
The bile acids, biluTibin and biliverdin, are derived from 
disintegrated red corpuscles and are derivatives of con- 
densed pyrrol nuclei which have their origin in the hsema- 
tin complex of the haemoglobin. 

117. Pyrrolidine is of great biological interest 

Cjjj CHj its derivatives, proline {a-pyrroli( 

j y>NH carboxylic acid) and oxyproi 

CHj — CHs (o-oxy pyrrolidine carboxylic 

occur among the amino acids which result from the 
drolysis of proteins. 

In addition to the method described for prej 



na- 
^pe I 
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pyrrolidine (116), another which confirms its structure is 
its fonnation from ethylene cyanide. When treated with 
sodium and alcohol, the nascent hydrogen formed induces 
the following series of changes : 

CHr-CN CH2— CH2— NH2 

I +8H=| 

CHj— CN CH2— CH2— NH2 

Ethylene 03raiiida Tetramethylene-diamine 

0x12 CH2V 

= I >NH+NH, 

CH2— CHj/ 

PyiTolidine 

Pyrrolidine boils at 87°. 

118. Proline, a-pyrrolidine carboxylic acid, 

H2C — CH2 



H2C CH— COOH 

NH 

is a product of the hydrolysis of many proteins of both 
animal and plant origin. 1-proline is the form occurring 
in nature. Its structure is made evident by its synthesis 
from a-amino 5-oxyvalerianic acid. This on heating loses 
a molecule of water and forms proline : 

CH2 — CH2 CH2 — CH2 

I 1 -HO I I 

CH, CH— COOH ^^y CHj CH— COOH+H2O 

I \y 

OH NHj NH 

Proline is easily soluble in water. It is the only one of 
the naturally occurring amino acids which is readily 
soluble in absolute alcohol. The blue copper salt is like- 
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wise soluble in alcohol, and this salt is made use of in the 
purification. Racemic proline, the mixture of equal parts 
of the two optical fonns, forms a copper salt which is 
violet when dry but absorbs moisture from the air and 
becomes blue again. Proline forms a salt with picric acid 
(184) which is useful in its identification. Among the 
proteins hordein of barley yields the largest amount of 
this amino acid. 

119. Oxy-Proline, P-oxy-a-pyrrolidine carhoxylic add, 

HO— CH— CH. 



CH2 CH— COOH 

\/ 
NH 

occurs in gelatin. It decomposes at 270® with foaming. 
The vapors evolved give the reactions of pyrrol (116). 

120. Pyrrolidone Carbozylic Acid. — Of theoretical in- 
terest is the property of glutamic acid (106) of separating 
a molecule of water when heated to 185-190® with the 
formation of a ketone derivative of proline : 



Cft 



■CH COOH 



CH2 — CH— COOH 



NHH 



Ca CO OH 



-H2O 



\ 



NH 



CH2— CO 

a-pyrrolidone carboxylio acid 
CH2 CH2 

+ 4H I I 

► CH2 CH— COOH 

\/ 
NH 



CHAPTER XI 

HYDROXY AND KETONE ACIDS 

Hydroxy Dibasic Acids 

121. Tartronic Acid. — The simplest member of the 

COOH 

series of dibasic hydroxy acids is tartronic acid, CHOH 

COOH 
This acid does not occur in nature. It is formed from 
malonic acid by the following reactions : 

COOH COOH COOH 

I +2 Br I +AffOH I 

CH2 ^ > CHBr ^ ^> CHOH + AgBr 

I I I 

COOH COOH COOH 

Tartronic acid melts at 187® with the loss of carbon 
dioxide : 



C60| H «CQ2 CH2OH 

>• 



CHOH COOH 



COOH 

The glycolic acid formed at this temperature at once 
reacts with a second molecule to form an ester called 
glycolide. 

q 225 
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CH2 OIH HO OC CHj-OOC 



+ 



CO OH HIOH2C ^^^5*^ 

1 Qlsroohde 



122. Malic Acid, hydroocysuccinio add, is present in 
COOH various unripe fruits, as apples, pears, etc. 
It is best prepared from unripe mountain 
ash berries or from rhubarb stalks. Its 
structure is indicated by its conversion into 
chlorsuccinic acid by treatment with phos- 
phorus pentachloride, and by the fact that 
the alcohol group in succinic ester reacts with acetyl 
chloride, forming an acetyl derivative: 



CHOH 

I 
CH2 

I 
COOH 



COOC2H6 



COOC2H, 



CHOH 

I 
CH, 



+ CIOC-CH3 CHOOC-CHa 

> I 

CH2 



COOC2H6 



COOC2H, 



On boiling the juice of rhubarb or of mountain ash 
berries with milk of lime, calcium malate is precipitated, 
since it is relatively insoluble. The salt is washed, dried, 
and weighed, and is then treated with the calculated 
amount of sulphuric acid. Insoluble calcium sulphate 
separates out. The solution containing the malic acid is 
evaporated to the point of crystallization. 

Malic acid is readily soluble in water, alcohol, and 
ether. The calcium salt is precipitated from dilute water 
solutions by the addition of alcohol Like normal cal- 
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cium butyrate (70) it isr more soluble in cold water than 
in hot and is precipitated from concentrated solutions 
on boiling. 

Since malic acid contains an asymmetric carbon atom 
it exists in two isomeric forms which differ only with 
respect to their behavior toward polarized light. (See 
&myl alcohol.) The natural form is 1-malic acid. When 
malic acid is heated to 180^ it loses a molecule of water 
and forms maleic and fumaric acids. These possess a 
double bond, COOH— CH=CH— COOH. They will be 
treated later (133). 

123. Tartaric Acids, dihydroxy succinic add. 

COOH 

' I 

CHOH 

I 
CHOH 

I 
COOH 

There are four acids having this composition. They 
•U react with PCls to give dichlor succinic acid, and when 
reduced by heating with hydriodic acid they yield in 
torn malic and succinic acids. 



CHOH— COOH CHOH— COOH 



CB 



+ 2H 



+ H2O 



OH— COOH CH2— COOH 



+ 2H 

► 



CH2— COOH 

+ H2O 

CH2— COOH 
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CH2 OIH HOl OC CII2 



+ 



COfOH iilOHjC C0(^> 



122. Malic Acid^ hydroxysvccink 
various unripe fruits, as 
It is best prepared fro. 
ash berries or from . 
structure is indicated 1» 
chlorsuccinic acid by 
phorus pentachloridc. 
the alcohol group in succinic c- 
chloride, forming an acetyl deriv- 



(:(X)H 

I 
CIIOH 

I 
CII2 

I 
(XX)!! 



+ ClOC— C 



COOC2H6 

I 
CHOH 

I 
CH, 

COOC2H6 

On boiling the juice of 1 
berries with milk of lime, c: 
since it is relatively insolul)' 
and weighed, and is then 4 
amount of sulphuric acifl. ^^ 
separates out. The sohn. 
evaporated to the point ui' ^**' 

Malic acid is readily ^;'^; * 
ether. The calcium salt i&^^ ' 
solutions by the addition *• "'*'! 



cce of two 
r V iich makes 
— iictic acids.) 
vMSL atoms in a 
«jiui must exist, 
« nnn, an inactive 
.1 if inactive lactic 
. tims, and a fourth 
^ nactive, in which 
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-^ax molecule, ix. 
.itfipaisated. It is 
oiT two configura- 
^^:i TXide of arrange- 
. it: i- form, but if we 
_e '.*» of one configu- 
re ^r-'oipuig represents 
.^ ^Q^inesent the oppo- 



ax)H 



• .^s 

^^^■a 



.\ccic^- ^"^ as to be united 

'"Miiii;--^ ^ ^"^^^ complex 

» ' iiAtfir n will be dextro- 

:.3,i\»> 4: ** molecule will 




L' 
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light, and an inactive compound results. This 
i!!ed mfsoUiTtarw acid to diiferentiate it from the 
Jim, which consists of Ijoth the d- and 1- acids 
J), iiiits. ^Itsotartaric acid cannot he separated 
I'l l-tartaric acids as can the racemie tartaric 



COOH 

HO— C— H 
I 
H— C— OH 

COOH 



COOH 
HOf I H 
H| f OH 

COOH 



COOH 
I 
H— C— OH 

I 
HO— C— H 

COOH 
II 

COOH 

H I lOH 

HOt I H 

COOH 



COOH 
I 
HO— C— H 

HO— C- 



I 



-H 

COOH 
m 

COOH 

HO^ I H 
HOf |H 

COOH 



BMemMi acid is actually a compound of one molecule 
of d- aud one of 1-tartaric acids and not simply a mixture 
of the two kinds of molecules. It has a different crys- 
talline form from the two active acids, and the crystals 
carry water of crystallization. The racemie acid crys- 
tals are much less soluble in water than are the active 
acids, and have a higher melting point. The union is 
however a feeble one, and in solution it exists as separate 
molecules of the optically active acids. This is indicated 
by the fact that the molecular weight as shown by the 
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freezing point and boiling point methods corresponds 
to the formula C^HbOb. The esters of tartaric acids 
are volatile, and their vapor densities correspond to the 
single instead of to double molecules. Crystals of ra- 
cemic acid have the composition 2 CiHaO* + 2 HiO. 
d- and i-tartaric acids crystallize without water of crys- 
tallization. 

Dexfro- and Icvo-iartaric adds melt at 170°. 100 parts 
of water at 20° C. dissolve 139.44 parts, and at 100" 
343.35 parts of either the d- or 1- acids. They are much 
less soluble in alcohol and insoluble in ether. Tartaric 
acid when strongly heated with a dehydrating agent such 
as potassium bisulphate loses water and carbon dioxide 
and there distills over a ketone acid, pyruvic acid. This 
acid is likewise known as pyroracemic acid and as methyl 
glyoxylic add (67). 



I cool H 

I 

CHOH -Ca and HaO 

I " 

CHOH 

I 
COOH M., 



CH3 

I 
CO 

COOH 



Pyruvic acid has great biological interest. It will be 
further considered in connection with carbohydrate 
metabolism and the synthesis of fats. It is probable that 
the first step in the decomposition is the loss of carbon 
dioxide and the formation of glyceric acid which then 
loses a molecule of water. Glyceric acid itself when heated 
fl^converted into pyruvic acid. 
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CH2OH CHs 

I ^ -H2O I 
CHOH -^ CO 



COOH COOH 

The acid potassium salt of d-tartaric acid crystallizes 
out of wine as alcohol accumulates during fermentation. 
The crude salt is known as argol and contains some cal- 
cium tartrate and coloring matters. The acid potassium 
salt is dissolved in hot water, leaving the calcium salt 
behind, and after treatment with animal charcoal to re- 
move coloring matters the solution is allowed to cool 
COOK ^^^ crystallize. This salt is then known 

I as cream of tartar. It is very sparingly 

(CH0H)2 soluble in water and still less so in alcohol. 
I It is extensively used in baking powders. 

f^UUM Here it is mixed 'with sodium bicarbonate, 

with which it reacts when dissolved to form sodium 
potassium tartrate or Rochelle salt: 

COOK COOK 



(CH0H)2 + HNaCQs = (CH0H)2 + H2O + CQ2 



COOH COOXa 

Rochelle salt 



The carbon dioxide being generated throughout the dough 
causes it to rise into a spongy condition. Baking powders 
are therefore a substitute for yeast. 

Dipotassium tartrate, C4H4O6K2, is readily soluble in 
water. Acid potassium , tartrate dissolves antimony 
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oxide^ SbO, to form potassium antimonyl tartrate or 
tartar emetic : COOK 

I 

(CHOH), 



COOSbO 

Bacemic acid and mesotartaric add are both fonned 
from d-tartaric acid by boiling with sodium hydroxide. 
This is expliuned by the assumption that water is alter- 
nately separated and added. 

COOH COOH 

i I i 

H- 



HO-;-C- 



-C- 



-OH -2 H2O — C 

^ I 

-H — C 



COOH 



COOH 



COOH 



* H H0-€— H OH 



or I or 
HO H— C— OH H 



COOH 




HO— C— H 



COOH 

Mesotartaric acid 



HO— C— H 
COOH 

d-tartaric acid 



H— C— OH 



COOH 

1-tartario acid 
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According to the law of chance, if water is split off from 
a compound and added on again in the way described, 
an OH group will take the place of H, just as frequently 
as it will replace the separated OH. Thus on repeating 
the separation and addition of water a sufficient number 
of times a state of equilibrium will be established in which 
all possible arrangements of H aud OH groups will exist 
in the solution. Such a conception helps to make clear 
the process of racemization and likewise the transforma- 
tion of certain sugars into others. 



SEPARATION OF RACEMIC SUBSTANCES INTO THEIR 
OPTICALLY ACTIVE CONSTITUENTS 

Optically active isomers show no differences in their 
solubility, melting point, boiling point, or amount of 
water of crystallization. They differ only with respect 
to their effect in twisting the ray of polarized light. Ordi- 
nary methods of separating mixtures depend on differ- 
ences of physical or chemical properties, so that for the 
separation of optical isomers special procedures had to 
be devised. Three general methods for accomplishing 
such separations are known, and all of these were dis- 
covered by the brilliant French chemist, Pasteur. 

The first of these depends upon the property possessed 
by sodium ammonium racemate, when allowed to crys- 
tallize at temperatures below 28°, of depositing side by 
side the sodium ammonium salt of dextro- and of levo- 
tartaric acids, These crystals possess hemihedral faces, 
and are, like mirror images, not superimposable. They 
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use of the ammonium salt of d-tartaric acid but not the 
1- fonn. (See lactic acid.) Obviously this method is 
available only for obtaining the isomer which does not 
occur in nature. 

Trihydroxy Glutaric Acids, COOH— CHOH— CHOH 
— CHOH — COOH. — There are four possible isomers 
having this structure. They residt from the oxidation 
of the sugars and will be treated more in detail later (152). 
Tetrahydroxy Dibasic Acids, COOH— (CHjOH)* 
COOH, likewise are important oxidation products of the 
sugars. The most important are saccharic acid, mvcic 
add, and isosaccharic acids. 

124. Oxybutyric Acid and Its Related Compounds. — 
The condensation of two molecides of acetaldehyde to 
form iS-oxybutyric aldehyde or " aldol " has been de- 
scribed (32). Like other aldehydes this is oxidizable 
to an acid of the same number of carbon atoms, j8-oxy- 
butyric acid : 

CHs— CHOH— CH2-CHO 

+ 9 CH3— CHOH-CH2-COOH 

This acid has one asymmetric carbon atom and so exists 
in three stereoisomeric forms, dextro, levo, and inactive, 
of which the levorotatory form is of the greatest physio- 
logical interest since it occurs in the urine in diabetes, 
sometimes in surprising quantities, more than a hundred 
and fifty grams a day having been observed. 

l-/8-oxybutyric acid closely resembles lactic acid in its 
behavior. It is an odorless and colorless sirup, non- 
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. 1 -ociiiied in the crystal- 
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of internal esters called lactones. This tendency is so 
pronounced that many acids of this type are not known in 
the free state, but only as salts, esters, etc. On being set 
free they at once pass into the cyclic structure. Alkalies 
convert lactones back into the salts of the 7-hydroxy 
acids. The same conversion is in part effected by boiling 
with water. 

R-CH— CH2— CH2— COOH 
I -HaO 
OH . ►R— CH— CH2-CH2— CO 



O 



Lactone 

126. Y-Amino Acids show the same tendency to lose 
water and form cyclic compounds. These are known as 
lactams : 

R— CH— CH2— CH2— COOH 

NH2 ^^^^R-€H— CH2-CH2— CO 

NH- 



Lactam 

.127. Aceto-acetic Acid, CH3— CO— CH2— COOH, 

possesses great physiological interest since it occiu's in 
the blood and lu'ine in diabetes, where it results from the 
oxidation of j8-oxybutyric acid. It is a very unstable, 
strongly acid sirup which absorbs moisture readily from 
the air. On warming it decomposes into acetone and 
carbon dioxide as illustrated above. In the tissues j8- 
oxybutyric acid results from the oxidation of fat and in 
small amount from protein decomposition. This acid is 
particularly difficult for the diabetic to oxidize, although 
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the normal organism is able to accomplish it. jS-oxy- 
butyric acid is partly oxidized to aceto-acetic acid in the 
blood and the decomposition of the latter acid into acetone 
and carbon dioxide takes place spontaneously, so that in 
the severe diabetic blood there are always found the three 
compounds, j8-oxybutyric and aceto-acetic acids and 
acetone, together. 

A certain peculiarity in the isomerism displayed by 
aceto-acetic acid, together with- the great importance of 
its ester in synthesis, make it desirable to describe the 
behavior of the latter in some detail. 

Aceto-acetic Ester is formed by the reaction of ethyl 
acetate with sodium ethylate. There are three stages to 
the reaction : the formation of an addition product be- 
tween ethyl acetate and sodium ethylate: 

Ai yONa 

(1) CH3— C^-O-CaHfi + NaOC2H6= CH,— C^OCaHg 

\OC2H6 

This then reacts with a second molecule of ethyl 

acetate to form the sodiiun compound of aceto-acetic 

ester: 

/ONa H\ 

(2) CHs— CfOCsHfi + H-^— COOCjHs 

\OC2H6 H/ 

ONa 

=CH3— C=CH— COOC2H6 + 2 QHsOH 

The ethyl aceto-aeetate is formed on treating the sodium 
compound with an acid. This is known as Claisen's 
synthesis : 
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ONa 

(3) CHa— C=CH— COOC2H5 + CH3— COOH 

= CH3-€0— CH2— COOC2H6 + CH3-<:00Na 

The sodium derivative, as will appear later, may have 
either of the two following structures : 

ONa • Na 

CHr-C=CH— COOC2H6, or CH3— CO— CH— COOC2H5 

Aceto-acetic ester undergoes decomposition in two ways 
according to the conditions to which it is subjected. 
Dilute alkalies or acids on warming decompose it into a 
ketone, alcohol, and carbon dioxide. This is known as 
the ketone decompotilion (a). When it is decomposed 
by a strong solution of alcoholic potassium hydroxide 
the ester suffers add decomposition (6). 



CHr-CO— CHj- 

H 



COOiCjHs 

I 

JOH 
CHj— CO— CH3 



■C2H1 



(6) CHi— COI— CHs-COO 

I 

HO|H HiOH 

= CHa— COOH + CH3— COOH + CsHgOH 

The great importance of aceto-acetic acid in synthesis 
lies in the fact that the sodium in sodio-aceto-acetic ester 
can be substituted by various radicals, after which the 
types of decomposition described above yield ketones or 
acids. 
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kaiV. 



a.cio-iU.*etic ester reacts with n-octyl 
^ iHip replaces the sodium. On acid 
t> t.»mpound yields capric acid, 



" ICH2 (CH2)6 CH3 

"i. '\. -^ L la n-octyl iodide 

= CH^CO— CH— CgHiT 

I + Nal 

COOC2H5 



^ , -. V« . C«8— (CH2)8— COOH +C2H6OH 

^ . . ^ Capric acid Alcohol 

.^v**.**c ^hcu subjected to the ketone 
^ . vi^v »t<Ut^>» l-uvniyl-ketone : 



V 






^*t4 v\^ CHis+Ca+CjHsOH 

^sAi^ ^«^ Xv^vMU'^ have been readily 
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As was stated above, sodio-aceto-acetic ester may have 
either of two structures : 

CHa— C=CH— COOC2H6 



ONa or CH3— CO— CHNa— COOCaHg 

Enol form Keto form 

When an acid chloride reacts with sodio-aceto-acetic 
ester, it is possible to obtain at will a compoimd in 
which the acetyl group is linked directly to carbon or 
through oxygen to carbon. 

CH3— C=CH— COOCzHfi CH3— CO— CH— COOC2H6 



O— COCH3 CO-€H8 

O-derivative C-derivative 

(Insoluble in alkali) (Soluble in alkali) 

When the sodio-aceto-acetic ester is treated directly with 
acetyl chloride, the C-derivative only is formed. This 
compound is soluble in alkali since the hydrogen in the 
CH group is linked to three negative radicals, two acetyl 
and one carbethoxyl groups. (Compare malonic ester.) 
When, however, the aceto-acetic ester is mixed with 
pyridine and the acetyl chloride added to the mixture, 
the O-derivative only is formed. 

As a general rule the solubility in alkali of such deriva- 
tives as result from the condensation of halogen com- 
pounds with metallic compounds of substances which 
« 

show tautomerism is accepted as evidence of the formation 
of the C type of derivative, since solubility in alkali should 
be 'expected where there is an active hydrogen atom which 
would permit the formation in alkali of a sodium or 
potassium derivative. 
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(It'i ■ • 
('. !.- 

CI! 



luests of 




dicine 



^itjds has 
. - m the ketcy ^^*- . 



VI V even iii ^ 



-.o 



J at ion, 

. .iiid is stable ' - .^^ 
.: the enol fori^ ^i nt 



•• e!> as an easy 



4- for 
test ^ 



V\ 



• :ualonic ester is boi^ 
'.iiition, the two bro0J^^ 
hydroxyl groups : 



OH 

vn 

'.Wills 



COOCsHs 



= CO + H2O 



COOC2H6 



.v.v .'( the ability of one ear- 
V ^n>iips when it is in close 

•Hiiicals (compare glyoxylic 
^.-svAiilic acid is consider- 

., .ivivl, for on boiling with 
. V VA.:e and forms glyoxylic 



A\ 



\ t* 



CH(on)2 

COOH 
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^j ,. ^^^^c acid is of biological interest owing to its 

jftq ^^^ formation of alloxan (140). 

^^^^ ^vulinic Acid, CHa— CO-CH2— CH2-€00H, is 
(jg ^nic acid of interest because it is formed by the 
acid ^^^^^^ni of sugars by means of strong hydrochloric 
conri ^^ structure is revealed by its formation by the 

. , ^SB,tion of sodio-aceto-acetic ester with chloracetic 
^ster, followed by the ketone decomposition: 

^^— CO-CH 



Na+Cl — CH2— COOC2H6 



COOC2H6 

= CH3— €0— CH— CH2— COOCjHs 




= CH3— €0— CH2— CH2— COOCsHs 

Levulinic ethyl ester 

Levulinic acid is crystalline. It melts at 33.5® and 
boils with some decomposition at 250°. It behaves like 
the typical ketones in yielding an oxime, a cyanhydrin, 
and a hydrazone (37). 

Levulinic acid when ingested in amounts above five to 
six grams is excreted unchanged in the urine. 

130. Oxalacetic Acid is obtained through the Claisen 
synthesis by the condensation of ethyl oxalate with ethyl 
acetate in the presence of sodium ethylate (127). 

y.O /ONa 

C2H6OOC— C<^ +NaOC2H6 =C2H500C— C^OCaHfi 

^OCaHfi \OC2H5 

Diethyl oxalate Addition product 
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C2H6OOC — C ;r— 



ONa H 



OCjHs+H 
OC2H6 H 



/ 



C — COOC2H5 



/ONa 
"CzHjOOC— C4 

^CH— COOC2H5 
A B 

CjHsOOC— COi-CHj-i-COOQHs 

I I 

I I 

Like aceto-acetic ester oxalaeetie ester can hydrolyze 
in two ways (127) at the points indicated by A and B. 
The first is accomplished by treatment with alkalies and 
yields oxalic and acetic acids; the second is effected by 
the action of dilute sulphuric acid and leads to the forma- 
tion of pyruvic ester (67), carbon dioxide and alcohol. 

131. Acetone DicarboxyUc Acid, COOH— CH2— CO— 
CH2 — COOH, results from the nitrile formed by the action 
of potassium cyanide upon synmietrical dichloracetone : 

CH2CI+KCN CH2— CN CH2— COOH 



CO -^CO +4H2O CO +2NH, 



CH2CI+KCN CH2— CN CH2— COOH 

Dichlor Acetone dioyaziide Acetone dicarbozylio add 

acetone 

It is also formed by. the action of strong dehydrating 
agents upon citric add, a fact which gives a clue to the 
structure of the latter acid. Citric acid is formed from 
acetone dicarboxylic acid by the addition of hydrocyanic 
acid and subsequent hydrolysis of the oxynitrile. 
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132. Citric Acid. — As stated above, the nitrile of citric 
acid is formed by the cyanhydrin fonnation from acetone 
dicarboxylic acid : 

CHj— COGH 
CHa— COOH 



CO 






+HCN = (y 



OH 

CN 



CHa— COOH 



CHj— COOH 

OsranhydriiL of dtrio aoid 



CH2— COOH 



+2H2O c 



/OH 

< 



COOH 



CH2— COOH 



+NH 



s 



The reverse reaction by which citric acid is converted 
into acetone dicarboxylic acid by dehydrating agents is 
as follows : 



CH2— COOH 



CHa— COOH 



,/0 



H 



COOH 



CO 



+CO+H2O 



CH2— COOH 



CH2— COOH 



Citric acid occm-s in the juice of many plants, espe- 
cially in lemon juice, from which five per cent or more may 
be obtained, and in gooseberries, which contain about one 
per cent. It is also a normal constituent of the milk of 
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animals, but it is not certain whether it comes from the 
food or is the product of the milk glands. It has also 
been detected in certain grains, and is therefore one of the 
most widely distributed compounds in nature. It crys- 
tallizes with one molecule of water in large colorless 
prisms. When it loses its water of crystallization through 
heating, it forms a fine white powder. 

It is formed by the fermentative action of certain 
bacteria and molds, but the nature of the chemical pro- 
cess by which it is produced from sugars is not clear, since 
the sugars all contain the normal carbon chain whereas 
citric acid contains a branched carbon chain. It has 
been suggested that citric acid may result in fermentation 
by the condensation with loss of water from three mole- 
cules of glycolic acid: 



HO H2C— COOH 



H 



HO— C— COOH 



H 



CH2— COOH 
OH 
COOH 



< 



HO H2C— COOH 



Three moleoules of glyoolio add 



CH2— COOH 

Citric aoid 



CHAPTER Xn 



UNSATURATED DIBASIC ACIDS 

Maleic and Fumaric Acids and Their Isomerism 

133. There appears to be good evidence that two carbon 
atoms bound together by a single bond are able to rotate 
freely about their common axis. . Thus only one ethylene 
chloride, CH2CI — CH2CI, is known. If free rotation of 
the carbon atoms in Figure 20 were not possible we should 
expect three modifications of this compound to exist : 






If, however, free rotation of the carbon atoms about 
their common axis is assmned, the three arrangements 
of the chlorine atoms represent phases of intramolecular 
movement and not stable positions of the tetrahedra. 
It is not necessary to assume a continuous movement 

247 
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of rotation. In fact we should expect tl 
arrangement of the atoms would be more 
other, and that if the atoms were arran;; 
whatever thev would return to the staK 
anv movement within the molecule wo^ 
oscillation about the stable position (8 
Such freedom of motion of one carl 
spect to another is in part lost when T 




•■A-. 



Ethylene 



„., COOI 

H Cia form 

Fio. 21. — Maleic and Fum^i 



. ....;: ';'i. Thiit 

That dcTivLtl from 
jj. and is much more 



established, as was pointed out in di 

of the crotonic acids (86). Assumi^ 

the double bond the tetrahedra jjjanhvdride, it would 

carbon atoms are in the position v • ^^^hich the COOH 

their having one edge in contar*"?^ probable one is 

represented by Figure 21. In sucir- -..g^pj^Kition should 

expect two modifications of ethyj »* . ^^ {j^m the two 

CH— COOH -^"* *^ the tm^ structure 

I or • "^ t^ the ct* form. 

^H-COOH H0^.*^^_^_^^ 

The carboxyl groups may be an ^-^^ 



opposite sides of the molecule. ^ 



Hr^-€0 






• » 



•«.. 



'*• 



'?d DflMsic Adds 



251 



tion which confirms the 

these acids is the fol- 

-^ add two atoms of 



COOH 




COOH 

Isodibrom succinic acid 
Fio. 23. 



i above the dibrom addition products 
1ie mechanism of this addition in the 




COOH 



Fig. 24. 



Brom f umaric acid 
Fig. 25. 



SO of maleic acid is made clear from an inspection of 



^Mircs 22-25. 



The addition of bromine may take place at A and A' 
at B and B'. In either case the same compound would 



(.. 



CHAPTER Xm 

THE UREIDES 

Ureides of the Monobasic Acids 

134. Acetyl Urea. — Urea, which was treated as the 
amide of carbamic acid (67) (amino formic acid) may 
also be regarded as a substituted ammonia in which a 
hydrogen atom of ammonia is replaced by NH2 — CO. 
Urea does in fact form a series of compounds in which it 
acts as does ammonia ; thus it reacts with acid chlorides 
fonning acetyl, propionyl, etc., ureas : 

CH3— CO— CI + HHN— CO— NH2 

= CH3— CO— NH— CO-NH2 + HCl 

Acetyl urea 

The same derivatives are fonned by the action of urea 
on acid anhydrides : 

CH3— C0\ I Hi HN— CO-NH2 

)o + 

CH3— CO^ I H| HN— CO-NH2 

.= 2 CH3— CO— NH— CO— NH2 +H2O 

These compounds are solids. Acetyl urea forms silky 
needles melting at 214°. It is easily soluble in water and 
alcohol. 

Diacetyl Urea, CH3— CO-NH— CO— NH— CO— CH3, 
is formed by the action of carbonyl chloride on acetamide : 

253 
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case to a considerable extent with the optical fonn not 
found in nature^ or are completely burned to carbon 
dioxide, water, and ammonia. In the case of methyl- 
amino-acetic acid (sarcosine) (63) a part is combined with 
urea with the formation of methyl hydantoin, the latter 
appearing in the urine. The mode of fonnation is prob- 
ably as follows : 

.CHs CH2— N— CH3 

CH2— N< 
I ^H +H0-€0— NH2 = 

COOH Carbamic add 

Sarooaine CO NH 

Methyl hydantoin 

136. Hydantoin is fonned by a method entirely anal- 
ogous to the formation of urea from ammonium cyanate, 
by intramolecular rearrangement. Glycocoll (glycin) is 
capable of forming salts with acids. The glycocoll iso- 
cyanate, obtained by mixing glycocoll sulphate and potas- 
sium cyanate, when heated rearranges into hydantoic 

add. 

CH2— NH— CO 



CO+2 H2O 



HOOC— CH2— NH2— HOCN > 

GlyooooU oyanate COOH HNH 

Hydantoic aoid 

CH2— NH 

. -H,0 

► 



CO 



CO— NH 

Hsrdantoin 

The mother substance from which hydantoin is derived 
may be regarded as glyoxaline : 









"•'•'•'«««ou „ "-^^ - -* ^«^-Ko acid S ' °f "^ 



«d .. V .*.**,.. ^^ ^,,„ to one car- 

UMi, ^^^^•^'**«w*^^Wous tissues o, . 

^" ■ • ■ -"^--b. much 11 ^"««*- 




s •! 



than in wail. AJJsniraz. i? s ■ff75!aarrDt A«a- 

•^•T having ncrtber "ae^x nx- mic- Ii^ 3Cih:Ti?cs> *:v 

'^^^tral to litmas. I- .iSsuLt-? i: 3? mto^ x^ a^? 

^^ter. but muct sni-p? nakSj zl bx vkk" or biv: d^v&k\. 

^^ Dielts with lieconiMffiaiii at ^?1*- I- i> r«>!v*vc:;fc:x\^ 

'^y silver in amznofmu!aI ^ii-cnar-cjw ic: ibe i«>fvirfi:;fc^^ i< 

Soluble in exces or ammii'T^ Loki. v^xwr. atk! ii>«v*,:r> 

fikwise fonn msoliibie ci:-c:i;^:-cz>i5 -wiib h. h nevhxv^ 

Pehling^'s sofaitioci and is a ii55C=zi«iu: fiict«.>r in thir eii>- 

pIo}Tiient of xins remssrc as a test for s^i^rar^ in the 

urine. 

On hydrolyas widi aciis or alkmlies aUant^Mn yicKis 
ammonia, carfooa dioxide from the uiiea coiu]:4exo:>\ »:^) 
aoede and oxalie addsw Its identification is etTci'X^xi 1^\ 
its isolation as the ahncr compound, whiv'h AMiXAin:^ 
40.73 % of alvtr and by a poeinve qualitativo n^iit fivr 
oxalic acid after hrdn^^ of a sample. 

138. HwtMinft . — The glyoxaline or u»kl«5^^l rii^ 
structure is {wesent in mie ci the amino acid$ dcn\-<>1 
horn the hydit^yas ci many proteins, viz. hi^Ui'if; 

CH— XHv CH— NH\ CH- Nik 
II >H I Vh 1; \h 

C N^ C X^ C N/ 

I I I 

CH, CH, CH 

I I II 

CHNH, CH.XH, CH 

IHiBtamioe | 

^^^^w^ /^-imida■oIe-\ ' ^ ^,, 

COOH Uthyl amine; iXX^H 

(»«mi]M>-^-imidasole-\ . A>«mHUff^\^\ 

ivopionie add / \«or>')i« M«M^ 

8 
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Histidine crystallizes in platelets which melt at 253° 
with decomposition. It dissolves readily in water, very 
slightly in alcohol, and not at all in ether. Its solution 
is alkaline to litmus. It forms salts with acids, the mono- 
and dihydrochlorides being of special importance in its iso- 
lation. It is precipitated from its solutions alkaline with 
sodium carbonate by mercuric chloride ; by silver nitrate 
and ammonia or barium hydroxide ; by mercuric sulphate 
in sulphuric acid solution; and by phosphotungstic acid. 

Only 1-histidine occurs in nature. It has a sweet 
taste. Putrefactive bacteria cause the elimination of 
carbon dioxide from it with the formation of histamine, 
or ^-imidazolyl-ethylamine. While histidine itself is 
one of the essential amino acids which must be present 
in the food proteins, and can be introduced into the body 
without disturbance, histamine is a base which possesses 
most marked physiological action. Its action is pri- 
marily a stimulant effect on plain muscle. One part in 
25 millions of Ringer's solution induces distinct contrac- 
tions in a non-pregnant uterus. Larger doses induce 
tonic contraction. 

Histamine dikydrochloTide, CJIoNb . 2 HCl, is read- 
ily soluble in water, but sparingly in ethyl alcohol. It 
crystallizes in prisms which melt at 140°. The base 
forms a double salt with hydrochloro platinic acid which 
is soluble in hot water but very slightly soluble in alcohol. 
On boiling with bromine water histamine gives a claret 
color. It is precipitated by phosphotungstic acid, by 
ammoniacal silver solutions, and in alkaline solutions by 



The Ureides 259 

Urocanic add or iS-imidazole acrylic acid has been found 

in the urine of dogs, where it probably has its origin from 

histidine. It is not a nonnal constituent of the urine 

of the dog, but probably represents an abnormal type of 

metabolism. 

Pyrazole^ 
(^jj pjj differs from imidazole in that the two 

I II nitrogen atoms in the ring are in position 

!^ CH adjacent to each other. It is of impor- 

\ X tance in medicine because of its derivative, 

phenyl-dimethyl-pyrazolone, called antipy- 

rine and ph^nazone. Methyl-phenyl-pyrazolone is formed 

by the action of phenyl hydrazine on aceto-acetic ester : 

CHff-CO H2N 

I + I 

H,C— CO— OC2H5 HN— CeHft 

CHff--C=N\ 

I ;N— CeHj + H2O + C2H5OH 

H2C— CCK 

Antipyrine is formed in an analogous manner from 
methyl-phenyl-hydrazine. 

Ureides of the Dibasic Adds 

139. Ozaluric Acid and Parabanic. — Oxalic acid unites 
with urea with the separation of one molecule of water 
according to the following equation : 



CO IOH + HI HN-CO-NH2 CO-NH-CO-NH2 



COOH COOH 

Ozalurio aoid 
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This type of compound is known as acid ureide. 

It is Qot found practicable to stop the condensa- 
tion of oxalic acid and urea at this stage. Oxaluric 
acid may be prepared by the careful hydrolysis of 
parabanic acid. 

A second molecule of water may be separated with the 
formation of a cycUc compound : 

CO ^NH CO— NH 



00^5° 



CO 



CO OH HNH CO-NH 



Oxaluric acid Parabanio 

(Acid ureide) acid 

Parabanic acid is the simplest of the ureides. 

Oxaluric acid occurs in the urine in traces. It is a 
white crystalline compound soluble with diflBculty in 
water. On warming with alkalies it is hydrolyzed to 
oxalic acid and urea. 

Parabanic acid is likewise crystalline and is much more 
soluble than oxaluric acid. Parabanic acid is obtained 
by the oxidation of uric acid. Since its structure was 
understood from its synthesis from, and hydrolysis to, 
oxaKc acid and urea it served to give a clue to the struc- 
ture of the more complex uric acid molecule. 

Ureides are also yielded by malonic, tartronic and mesox- 
aUc acids. They are hydrolyzed to urea and the acids 
from which they were derived on boiling with acids or 
alkalies, the urea breaking down into ammonia and carbon 
dioxide. Their structures are illustrated by the following 
formulae : 



The Ureides 



261 



CO— NH 



H,C CO 



CO— NH 

I I 
HCOH CO 



CO— NH 



CO CO 



CO— NH 

Barbituric acid 
(Malonyl urea) 



CO— NH 

Dialuric acid 
(Tartronyl urea) 



CO— NH 

Alloxan 
(Mesoxalyl urea) 



Malonyl urea is of special interest because of the nar- 
cotic effect of certain of its derivatives. The compound 
itself is without noticeable physiological action. Numer- 
ous derivatives have been prepared by substituting one 
or both hydrogen atoms of the malonyl group by alkyl 
and other groups. The following selected list will illus- 
trate the remarkable influence which is exerted by cer- 
tain groups as compared with others on the pharmaco- 
logical action. Especially marked is the effect of accu- 
mulating alkyl groups, and the position occupied. 



CO— NH 



C2H 



5 






H 



/ 



CO 



CO— NH 

Monoetbyl 
malonyl una 

(1) 



CO— NH 

CHj. I I 
>C CO 

ch/ 



CO— NH 

Dimethyl 
malonyl urea 

(2) 



CO— NH 
C2H6V I 



CO 



CO— NH 

Diethyl 

malonyl una 

(Veronal) 

(3) 




CO— NH 



Dipropyl 

malonyl una 

(4) 



CO— N— CHj 

CjHsnI 



C2H5/ 



CO 



CO— NH 

Diethyl-N-methyl 

malonyl urea 

(5) 
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When the derivatives (1) and (2) above were given to dogs 
weighing 6-S kilograms, in doses of 3 to 4 grams, there 
was no noticeable effect. The diethyl 'derivative (3) in 
doses of 1-15 gm. induced deep sleep in about thirty min- 
utes, lasting 24 hours. Of the dipropyl derivative (4) a 
1-gram dose produced sleep after 30 minutes, lasting 48 
hours, and 2 grams induced sleep within 15 minutes, and 
death. The toxic influence of introducing into diethyl 
barbituric acid (3) a methyl group linked to nitrogen as 
in (5) is very marked, A 1-gram dose induced sleep in 
10 minutes which lasted two days and ended in death. 
Veronal and a few other similar compounds have found 
use as hjpnotics. 

140. Alloxan, or mesoxalyl urea, is formed from the oxi- 
dation of uric acid. On treatment with alkah it is hydro- 
lyzed to mesoxalic acid and urea. 

CO— NH COOH NH, 

II II 

"" CO + 2 H,0 = CO -(-CO 

J... I 



CO 

I 

CO— NH 



COOH NHa 



On boiling alloxan with dilute nitric acid it is oxidized 
to parabanic acid and carbon dioxide. This is an example 
of the transformation of a six-membered ring to one con- 
taining but five {113). 

The formation of alloxan by the oxidation of uric acid 
served as further evidence as to the structure of a part of 
the molecule of that substance. 

On reduction alloxan yields a derivative, alloxantine, 
containing two alcohol groups, which has double the molec- 
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ular weight of alloxan itself. The structure assigned to 
it is the following. 

NH-CO CO-NH 
I I OH HO I I 

CO C^ ^C CO 



NH— CO CO— NH 

AUozantine 

When alloxantine is treated with ammonia, it forms a 
salt-like derivative which is a "purple-red dye called 
mureodde. Murexide decomposes on hydrolysis into uramil 
and alloxan. 

NH— CO ^,^^ CO— NH NH-CO CO— NH 

I l/^^l III II 

CO C^ ^ CO->CO CHNH2+CO CO 



y 



NH— CO CO— NH NH— CO CO— NH 

Murexide Uramil Alloxan 



CHAPTER XIV 

THE PYRBilDINES, PYRAZINES AND PURINES 

141. The Pyrimidines. In the nuclei of animal and 
plant cells occur the nucleic acids, complex compounds 
which on hydrolysis yield phosphoric acid, purines (147), 
pyrimidines, and a carbohydrate group (163). There have 
been found in nucleic acids three representatives of the 
pyrimidines : 

INH— 6C0 N C— NH2 NH— CO 



2CO 5C— CH3 CO CH CO CH 



3NH— 4CH NH— CH NH— CH 

2, 6-diozy-5-methyl 2-oxy-6-a]nino 2, 6-diozy 

pvrimidine pyTimidine pyrimidme 

(lliymme) (Cytosine) CUracil) 

In the oxy pyrimidines there appears to be in the dis- 
solved state a dynamic equilibrium between the mole- 
cules in which the oxygen is linked doubly to carbon, the 
keto form, with the enol form in which oxygen is singly 
linked to carbon and is in union with hydrogen forming 
a hydroxyl group : 

NH— CO N=C— OH 



CO CH < > HO— C CH 



NH— CH N— CH 

264 



The PyTimidines, Pyrazines and Purines 2< 



When, e.g., uracil is acted upon by phosphorus asy-A 
chloride, the oxygen atoms are not replaced by two chlorine 
atoms, but chlorine replaces hydroxy!, and 2,G-dichlor 
pyrimidine results. This can be reduced to pjTimidine 
Itself. r^wc— CI N=CH 

II II 

CI— C CH +4H = HC CH 

II I! II II 

N— CH N— CH 

2. f^dEohLor pyrimidine 



Thymine and cytosine are obtained froni animal nu- 
cleic acids, and uracil and cytosine from plant nucleic 
acids. 

142. Thymine, CeHANa, is difficultly soluble in cold, 
but readily in hot, water, and slightly soluble in alcohol. 
It is precipitated by silver nitrate in the presence of a slight 
excess of ammonium or barium hydroxide, the precipi- 
tate being soluble in an excess of the alkalies. It is 
likewise precipitated by mercuric chloride and nitrate 
in the presence of sodium hydroxide. Phosphotungstic 
acid does not precipitate it, but it is readily carried down 
where other substances are precipitated by this reagent. 
Thymine sinters when heated quickly, at 318°, and melts 
with the evolution of gas at 321°. 

143. Cytosine, C^HsONsHjO, is soluble in 129 parts of 
water at 25°, It crystallizes from hot water In prisms 
which decompose with gas evolution at 320°-325°. The 
salts forme<l with sulphuric or hydrochloric acids are 
readily soluble, those with picric acid and hydrochloro- 
platinic acid difficultly soluble in water. 



1 

me^^ 
lor 

ine 
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Cjlosine is precipitated by pbospbotongstic add (14T), 
and by putassium bismuth iodide. It gives the Wetdd 
reaction. 

On treatment nnth nitrous acid it is oooverted into 
uracil. The mechanism of this transformation b the 
same as iii the conversion of methyl anune into methyl 
alcohol (46). Here howe%'er there exists an equihbrimn 
between the keto form usually written for uracQ, and a 
small amount only of the enol form. The aiq>arent re- 
placement of the amino group by oxj-gen instead of by 
hydroxyl as in the primarj- amines is easily understood 
in the light of the behavior of urea and thiourea in the 
pseudo or iso form (56, 68) and of aceto acetic acid in 
the eno! and keto forms (127). 

144. Uracil, C(Il40zXi, is a white crystaliine powdf 
easily soluble in hot, difficultly soluble in cold, water, 
dissolves readily in ammonia but scarcely at all in alcohol 
or ether. It is precipitated by mercuric nitrate, but not by 
phosphotungstic acid. It is precipitated under the s 
conditions as thj'mine by silver nitrate and ammonium Q| 
barium hydroxide. Uracil melts with decomposition l 
335-338°. It likewise gives the Weidei reaction. 

Numerous experiments in feeding animals with rations, 
all the constituents of which were known, have demon- 
strated that, although the nuclei of all cells yield at least 
two of the three pjTiraidines just described, the diet need 
not contain any of these complexes. They can be syn- 
thesized in the animal botly from certain of the amino acids 
yieldcfl by the proteins of the food. The mode of forma- 
tion of these compounds in the body is not understot 
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PYRAZINE DERIVATIVES 

145. Pyrazines. The paradiazines are represented by 
several products of biological interest. Amino aldehydes, 
on oxidation, can condense to form substituted pyrazines. 
Thus: 

CHj— CH CHO 



CHO CH— CH3+O 

Alanine aldehyde 'M' 

CHj— C CH 
= 3H20+ I II 

HC C— CH3 

\/ 

N 

Dimethyl pyrasine 

Amino acids are not attacked by reducing agents, but 
their esters can be reduced to amino aldehydes by means 
of sodium amalgam. 

An instance of the occurrence of such a condensation 
in the animal body is the elimination in the urine of 2, 5- 
pyrazine-dicarboxylic acid after injection of d-fructose, a 
ketone sugar (156), and glycocoll into the veins of a rabbit. 
The mechanism of the reaction is easily understood. 
Fructose is known to combine with ammonia to form f ruc- 
tosamine. This compound is an amino aldehyde which 
condenses to the pyrazine ring; thereafter the sugar 
complex is oxidized to the last carbon atom, which is 
converted into a carboxyl group : 
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C4HA— CH CHO 

I I +0 

CHO CH— CJIA 

HjN^ 

Fmctosamine 

N 

/\ 
- CJIjOi— C CH 

I II +3H,0 

HC C— CJIA 

\/ 

N 

Fractosasiiie 

N 

HOOC— C CH 

^ I II +6COi + 8HjO 

HC C— COOH 

\/' 

N 

2, 5^3rrasme dicaibo^lie add 

Fructosazine is oxidized outside the body by hydrogen 
peroxide with the formation of the same 2, 5-pyrazine 
diearboxylic acid. The latter compound gives in neutral 
or faintly acid solution with ferrous sulphate a fine vio- 
let color which is easily seen in dilutions of 1 to 100,000 
parts of water. By means of this reaction it has been 
shown that this pyrazine derivative when introduced 
into rabbits, even in small amounts, passes into the 
urine. 
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The above condensation is of interest because it points 
to the possibility of the reaction of carbohydrates in the 
body with certain intermediary decomposition products 
of the amino acids with the formation of heterocycUc 
compounds, i.e. cyclic compounds containing more than 
one kind of element in the ring-. 

146. Piperazine differs froni pyrazine in that the double 
linkages are eliminated by the addition of hydrogen or 
substituting groups, i.e. it is a reduced pyrazine. 

N NH 

^\ /\ 

HC CH H2C CH2 



HC CH H2C CH2 

\/ \/ 

N NH 

I'yrasme Piperaxine 

Piperazine is formed by heating the hydrochloric acid 
salt of ethylene diamine. 



,NH2 HHN 


/™\ 


CH2 CH2 


H.2C CH2 


= 


+ 2NH3 


CH2 CH2 


H.2C CH2 


^NH2 HHN^ 


\nh^ 


Ethylene diamine 


Piperasine 



Esters of the amino acids change on standing, with the 
separation of alcohol, into their cyclic anhydrides, substi- 
tuted ketone derivatives of piperazine. The change is 
accelerated by heating. 
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HN 



H CjHbO 



<^0 



CH3 — CH HC — CHz 

I 

NH 



CO 



OC2H8 H 



Alanine ester 



NH 

CHr-CH CO 



CO CH— CH, 

\/ 
NH 

2, 5-dimetiiyI-diketo 
{nperasine 

These cyclic anhydrides have in many cases much more 
favorable properties for manipulation, as sparing solu- 
bility, etc., than have the amino acids themselves. On 
heating with acids they are hydrolyzed to the free amino 

acids. 

NH 
/\ COOH NH2 

CO CH2 I I 

I I +2H20=CH2 +CH2 
CH2 CO I I 

\/ NH2 COOH 

NH Glyooooll Glyooooll 

Diketo piperasine 

THE PURINES 

147. The researches of Emil Fischer on uric acid made 
clear the constitution of the group of compounds known as 
the purines. The constitution of uric acid was arrived at 
through the observation that on oxidation it yields 
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attantoin (137). It contains therefore two urea groups 
in the molecule. The formation of parabanic acid and 
alloxan^ whose structures are known from their formation 
from oxalic acid and urea, and mesoxalic acid and urea 
respectively, led to the proposal of the following structural 



formula : 



NH— CO 



CO C— NH\ 

I II > 

NH— C— NH^ 

Urio add 



CO 



The formation of allantoin from uric acid, which takes 
place on oxidation with potassium permanganate in sodium 
hydroxide solution, may be regarded as proceeding through 
the following stages : 

NH— CO NH— CO 



CO C— NH\ -* CO C(OH)— HN 



NH— C— NH-^ 
NHilCOOlNa 



CO 



X!!0 
NH— C(OH)— HN/ 



CO C— (0|H) 



NH-C i(OH) 



— NH\ 
—NW 



CO 



UiGzanio add (stable in alkaline solution) 

NH2 



on acidifymg ^^ C0-NH\ 



NH— CH— NH'^ 

Allantoin 



CO+COj+HjO 



( 
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-NH— CO— NHj 
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XH 

/\ 
CO CHs 

I I +21. 
CII. CO 

\/ 

NH 

Dikcto pipenuiine 



r|t|. 



iO 






CO 



^^^ I reactions may be 
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uric acid and allantoin. Among mammals 
uii^iiptes a peculiar position with respect to the exere- 
turic acid. Studies of a considerable number of 
It of diverse types have shown that the greater part 
R.purine nitrogen is eliminated in the form of allan- 
^. In man there is but a trace of allantoin excreted, 
^Ily all of the purine nitrogen appearing in the 
B as uric acid. This finds its explanation in the fact 
tliat the reaction by which uric acid is transformed into 
allantoin, oxidation and hydrolysis, is catalyzed by a 
specific enzyme. This enzyme, which can be recognized 
in a tissue by its ability, under suitably regulated condi- 
tions, to destroy uric acid, is present in the tissues of all 
animals except man. In the absence of this catalytic 
agent the conversion of uric acid to allantoin goes on with 
extreme slowness. 

Uric acid has been synthesized by a considerable number 
of methods starting from widely different materials. The 
early synthesis (1888) byBehrend and Roosen, which is par- 
ticularly instructive, is illustrated by the following reactions : 
■ NH— CO NH— CO 

I I +HNO. 1 I 
CO CH -S CO C— NO, 

I II I II 

NH— C— CHj NH— C— COOH 

l-DMthyl uraoll ^uitta andl 

4i:ubotiic Mnd 

Potassium salt NH — CO 
heated to 130" I I 
► CO C— NC+CQ, 

I II 
NH— CH 



'-•■^eats of I 




^-~~OII 



~~OH 

■■ >^oxy uracil 






^ric acid 

~ «;;l /mm „,„,, J 
- '^ mm of w.v ^ 

. . :.. - '^'^'^ temperatm 

' c.c. ri,„ , •^"' 

• ^'•■•- ---We: :r' *^ - 
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NH— CO NH— CO 



HC C— NH\ OC C— NHv 

I II >H I II >H 

N C N^ NH— C N<^ 

6-oxy purine (Hypoxanthine) 2, 6-diozy purine (Xanthine) 

NH— CO 

I I 
OC C— NH\ 

I II • )co 

NH— C— NH/ 

2, 6, 8-trioxy purine (Uric acid) 

Hypoxanthine is a crystalline compound soluble in 69.5 
parts of boiling water and in 1400 parts at 19**. It dis- 
solves readily in mineral acids and alkalies. It is insoluble 
m alcohol. The hydrochloride, C6H4N4O . HCl + H2O, 
is decomposed on crystallization from water, but can 
be crystallized from concentrated hydrochloric acid. 
The sulphate and nitrate are likewise decomposed by 
water. Hypoxanthine picrate is a characteristic salt. 
Hypoxanthine is precipitated from its solutions by 
ammoniacal silver nitrate. 

Hypoxanthine is found in the muscles and organs of 
the animal body and is accumulated in beef extract. 
It is likewise widely distributed in plants. 

Xanthine, C6H4N4O2, is likewise found in animal tissues 
and widely distributed in plants. It is very slightly sol- 
uble in water, about 1 to 14,000 parts at 16°, and in 1400 
parts of boiling water. It dissolves more readily in 
alkalies. Xanthine, like hypoxanthine, forms salts with 
acids. However, it also forms crystalline compounds 
with alkalies. 
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excrete, dnring the few hours it can live, ammnnia aiwi 
lactic acid instead of uric acid. 

THE METHYL PUHINES 

Itt. Aside from the purines ingesterl a» wtenine aiwl 
guanine or thdr d^radation pmdurtii rhem rj^'/nir in 
plant foods two important methylated piirinen, thim-' 
bromine and caffeine. 

Theobraiiiine ig 2,6Hiioxy^,7'^imethi/l purins: 

NH— €0 



CO C 






CH«— N C— N^^ 

Occurs in the cocoa> bean, and is foumt In r:hi»#:f)(iifi: tjt 
the extent of 1 to 2 per cMit. it u* a rtimitthyl z^iathintt. 
It is a white crystalline powfler, tfiliiblit In *^t}n*.r, in- 
soluble in alcohol and water, but tiifmtwhat ^Aahit: 
in hot chlorof(»nu It fonuH rrryttallxmt *alt^ with 
strong acids, but liiese are decf>mp#i*i#tfi into thi? bsi^ 
and add by water. It jHiblime** rim:faan(r»id Jit 2*.^J^ 
It is a powerful diuretic and nerve itimrxlant. It ha.5 a 
bitter taste. The hydrochloride anri Wir.-ylate are aiLso 
much employed. 

if 2fi-dyxrtf^lj^J'tri7n£thy{ [/urine : 

CTU—S CO 

CO C— NX 
CHy— X C— N^ 
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It occurs in tea and coffee, guarana, and in kola nuts. 
Coffee contains about one per cent. It is soluble in 80 
parts of water ; oo parts of alcohol, 7 parts of chlcMt>f onn, 
and 555 parts of ether at 15°. Caffeine crystallizes from 
water in white fleecy masses of silky needles, having a 
bitter taste. It sublimes at ITS*". 

Caffeine is a diuretic and cerebral stimulant and has a 
pronounced stimulating action on the heart. 

In passing throu^ the body caffeine and theobromine 
are partially demethylated, and they appear in the urine 
to some extent as monomethyl and dimeth;yi purines. 
In part the methyl groups are completely removed, the 
nucleus being excreted as uric acid. 



CHAPTER XV 

THE CARBOHYDRATES 

160. Tliere is found in nature a large group of compounds 
to which the general name carbohydrates is applied. These 
are either aldehyde alcohols or ketone alcohols, or are 
converted into aldehyde alcohols or ketone alcohols on 
hydrolysis. The carbohydrates include the sugars, 
starches, celluloses, gums, pectins, etc. In many of them 
the composition corresponds closely to the general formula 
C«(H20)», or one molecule of water to each carbon atom. 
Thus, cane and beet sugar have the formula C12H22O11 
which corresponds to C^ 11(H20) ; glucose and fructose, 
C6H12O6 = Ce 6(H20) ; starch, the molecule of which is 
very large, corresponds to the formula Ce 5(H20). It was 
from this relationship that they received the name carbo- 
hydrate. There are several representatives of the carbo- 
hydrates which do not conform to this formula ; and there 
are on the other hand a number of compounds totally 
unrelated chemically to the carbohydrates which contain 
carbon, hydrogen, and oxygen, the two latter elements in 
the proportion to form water. As examples may be cited 
formaldehyde, CH2O, acetic acid, C2H4O2, and lactic acid, 
CsHeQs. The carbohydrates are of the greatest impor- 
tance as a source of energy to the animal body, and as a 
rule among the herbivora and omnivora they constitute 

283 
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more than one hydroxy! is untenable. Each one except 
the end ones must be linked on two sides to carbon and 
on one to hydroxyl. The remaining bond must be occu- 
pied by hydrogen. By such reasoning we arrive at the 
conclusion that the structure of the aldohexoses is the 
following : 

CHjOH-CHOH-CHOH-CHOH— CHOH— CHO 

151. Methods of Synthesis of the Monoses. — 1. By 

the carefully regulated oxidation of the polyatomic alco- 
hols. As an example may serve the oxidation of glycerol. 
It has previously been described (36) how by cautious 
oxidation of this triatomie alcohol there results glyceralde- 
hyde, which in the terminology of the carbohydrates is 
glycerose. The chief product of this reaction is always 
the isomer dihydroxy acetone : 

CH»OH CHiOH CHiOH 

2CH0H ±12 CO + rHOH + 2HjO 

I I I 

CHsOH CHiOH CHO 

Olyceml Dihydroiy bocUdo GlyoeiaJdehyde 

Glyceraldehyde can be prepared free from dihydroxy 
acetone by the oxidation of acrolein (86), the aldehyde 
group of the latter being protected during the process by 
first converting it into the acetal (32), As in the case of 
the fatty acids, oxidation of compounds containing doubly 
linked carbon leads first to the formation of hydroxy 
groups at this point. 
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CHs 



CH 



+ 



ho|h 
ho|h 



C5 
5 
Aeiy lie aldehjrde aoetal 

CHjCffl 



+0 



CHjOH 



= CHOH 



+H»0 

► 



CHOH + 2C,H50H 



CH(0C,H6)j 

Glyoeraldehyde aoetal 



CHO 

Glyoeraldehyde 



Alcohol 



2. By hydrolysis of brom aldehydes with barium 
hydroxide. Mention has aleady been made of the fortna- 
tion of glycol aldehyde from brom acetaldehyde by this 
method (36). By this method glyoeraldehyde may also 
be prepared. Starting with acrylic aldehyde, two bromine 
atoms are added. The dibrom propyl aldehyde reacts 
with water when heated with barium hydroxide, the 
bromine atoms being replaced by hydroxyl. 

CH2 



CHzBr HOH CH2OH 



CH +^^j' =CHtBr H 



OH CHOH 



CHO CHO CHO 

3. When formaldehyde is treated with weak alkali 
(limewater) it condenses to a mixture of compounds of 
the formula C6H12O6. The mixture is sirup-like and sweet. 
It has received the name formose. In its formation six 
molecules of formaldehyde condense to form a mixture of 
aldohexoses : 
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inize adenine to hypoxanthine, and a guanase which cata- 
lyzes the transformation of guanine into xanthine as de- 
scribed above. Not ali tissues contain all the enzymes 
necessary to the transformation of the amino purines 
into oxjTJurines. Thus adenase is not found in the tissues 
of the rat. Guanase is absent from the spleen and liver 
of the pig and from the human spleen, but is present in 
most other tissues. The enzjTne which accelerates the 
oxidation of hypoxanthine into xanthine is called hypo- 
xanihine-oxidase ; that which oxidizes xanthine to uric 
acid is called xanthine-oxidase. The enzjTne which 
accelerates the oxidation of uric acid to allantoin is 
called nricase. The ending ase is employed to designate 
enzymes or organic catalyaers. 

The nucleic acids of both animal and plant origin con- 
tain but two purines, adenine and guanine. The hypo- 
xanthine, xanthine, and uric acid found in the tissues are 
formed by the deamination and oxidation of these. 

Within recent years feeding experiments with young 
animals have shown that with diets entirely free from 
any of the purines, growth and hence the synthesis of 
nucleic acids can take place at the normal rate. Such 
animals regularly excrete uric acid. There is no doubt 
that in such ejq)erimental animals adenine and guanine 
are produced synthetically. The substances from which 
purines are formed in mammals are not known with cer- 
tainty, but experiments with birds make it highly prob- 
able that they are urea, ammonia, and lactic acid. In 
birds the seat of synthesis of uric acid is the liver. When 
the liver of a bird is excised the bird has been found to 
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excrete, during the few hours it can live, ammonia and 
lactic acid instead of uric acid. 

THE METHYL PURINES 

149. Aside from the purines ingested as adenine and 
guanine or their degradation products there occur in 
plant foods two important methylated purines, theo- 
bromine and caffeine. 

Theobromine is 2, Q-dioxy-S, 7 -dimethyl purine: 

NH— CO 

I I yCH3 

CO C— N< 




CHa— N C— N^ 

Occurs in the cocoa- bean, and is found in chocolate to 
the extent of 1 to .2 per cent. It is a dimethyl xanthine. 
It is a white crystalline powder, soluble in ether, in- 
soluble in alcohol and water, but somewhat soluble 
in hot chloroform. It forms crystalline salts with 
strong acids, but these are decomposed into the base 
and acid by water. It sublimes unchanged at 290°. 
It is a powerful diuretic and nerve stimulant. It has a 
bitter taste. The hydrochloride and salicylate are also 
much employed. 
Caffeine is 2,Q-dioxyA,S,7-trimethi/l purine: 

CH3— N CO 

.CH3 



CO C— N< 
I II >CH 

CH3— N C— N^ 
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(iiKirli^viU' i>r ketone ((roup) at least one carbimJ gnmp 



I troll, it must follow that for each of the aldoses^ there 



iirt^ two uruls which can be derived by oxidaticHi and an 
aliH^iol which can Ih' obtained by reduction. The follow- 
ing rfe^uni^ of the simple aldoses, together with the cot- 
hv«|HMulinK altvhvUi» and acids, will serve to illustrate their 
rt^lationvHlu|KH: 

Diose, C2H4QJ 

nwM v\wn CH2OH cooH 



V\UO\\ (HO 



COOH 

QlyooUo add 



COOH 

OssKo 



»IV-* 



I 
cnon 



c\wn 

Utyootui 



IVuvst^ (glycerose), QHeQi . 
nUOH CHjOH COOH 



ruoH 



CHOH 



COOH 

Q^ycerioaeid 



CHOH 



COOH 

Tftrtronio 



'i\ 



CIljOH 

I 
CHOH 

I 
CHOH 

V\W\l 

byUiirit* 



IVtrvvte (wytlm>ise), C4HA 
(H,On CHsOH COOH 



(HOH 
CHOH 
(110 

Erythrutfe 



CHOH 

I 

CHOH 



COOH 



£rytlurottic 
acid 
(TriiMKybulytic acid) 



CHOH 

I 
CHOH 



COOH 
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Pentose (xylose, arabinose, etc.) 



CHjOH 



CHjOH 



COOH 



CH2OH 



(CHOH)s (CHOH)s (CHOH)a (CHOH): 



CHjOH 

F«ntite 



CHO 

Pentoee 



COOH COOH 

Pentonio acid Triozyglutario acid 



Hexose (glucose, mannose, galactose, etc.) 
CHjOri CH2OH CH2OH COOH 



(CHOH)* (CH0H)4 (CJI0H)4 (CHOH), 



CH2OH 

Hezite 



CHO 

Hexose 



COOH COOH 

Hexonic acid Tetraoxsradipic acid 



Glycol has no carbon atom possessing asymmetry and 
therefore shows no optical activity. All the other aldoses 
possess one or more asymmetric carbon atoms and there- 
fore exist in two or more isomeric forms. Glycolaldehyde 
is an imstable substance and has never been isolated 
from plant or animal tissues. The same is true of glycer- 
aldehyde. Both of these are known through the syn- 
thetic products only. 

A tetrite, inactive erythrite (i-erythrite) is found free 
in the Alga, Protococcus vulgaris, Tetroses have never 
been found in nature, but have been prepared syntheti- 
cally. There are theoretically possible twelve isomeric 
aldopentoses, viz., an optically inactive, a dextro- and 
a levorotatory form of each of the four possible aldo- 
pentoses, whose formulse are illustrated as follows : 



296 Organic Chemistry for Students 6f Medicine 

CHjOH CHjOH CHjOH CHjOH 

II I I ■ 

HO— C— H H— C— OH H— C— OH HO— C— H 

I I I I 

HO— C— H H— C— OH HO— C— H H— C— OH 

I I I I 

HO— C— H H— C— OH H— C— OH HO-C— H 



CHO CHO CHO CHO 

(1) 1-riboee (2) d-^boee (3) l-zylose (4) d-xyloae 

CH2OH CH2OH CH2OH CH2OH 

■ \ I I I 

HO— C— H H— C— OH HO— C— H H— C— OH 

I I I I 

H— C— OH HO— C— H HO— C— H H— C— OH 

II II 
H— C— OH HO— C— H H— C— OH HO— C— H 



CHO CHO CHO CHO 

(6) l-Iyxoae (6) d-lyxoae (7) l-arsbinaee (8) d-arsbinoae 

From these are obtained on reducing the aldehyde 
groups to primary alcohol radicals, the following alcohols, 
the pentites. 

CHsOH CH2OH CH2OH CHjOH 



H— C— OH H— C— OH H— C— OH HO— C— H 

I I I I 

H— C— OH HO— C— H HO— C— H H— C— OH 

I I I I 

H— C— OH H— C— OH HO-C— H H— C— OH 



CH2OH CH2OH CH2OH CH2OH 

Adonite Xylite 1-arabite d-arabite 

(From I- and d- (From I- and d- (From l-I^xose (From d-I^^ose 

ribose) xylose) and 1-arabinoae) and d-arabinose) 
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Adonite and xj-Iite are optically inactive although each con- 
tains two asj-mmetric carbon atoms. The central carbon 
atom in the pentose loses its asjTnmetry when the carbonyl 
group is changed to carbinol, for in the case of adonite the 
two groups marked off by the dotted lines are alike and 
there exists accordingly the same type of internal comr 
pemation with respect to influence on light, as was seen 
in mesotartaric acid (123). 

CHiOH CH^H 

I 
H— C— OH- 

I 

I 

"H— C^H ' 

I 
CHiOH CHiOH 

Adonite 

When the aymmetry of the molecule is destroyed by 
oxidation of one primary alcohol radical, the central car- 
bon atom again becomes asymmetric and optical activity 
is restored. A simple test as to whether a compound is 
inactive because of intramolecular compensation, is to 
determine whether by rotating the projection formula 
180° in the plane of the paper it can be made to coincide 
with the projection formula of its mirror image. When- 
ever the two formulBe can be made to coincide, the mole- 
cules which they represent are identical and therefore can- 
not be optically different. 1-arabinose and 1-xyIose and 
possibly d-ribose occur in nature, while lyxose does not. 
162. Determination of Structure. — We may now in- 
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quire in what way it is possible to decide which of the sev- 
eral formulfie (1-8) of the aidopentoses is to be assigned 
to each of the naturally occurring sugars. If the pro- 
jection formula for each one of the four pentoses having 
different configuration can be determined, the other four, 
being their mirror images, can at once be properly named. 
If the four forms in question (page 296) be oxidized at 
both the aldehyde group and at the primary alcohol group 
there will result for each pentose form a trihydroxy 
glutaric acid of similar configuration. 

CH2OH CH2OH CH2OH CH2OH 



HO— C— H HO— C— H H— C— OH H— C— OH 



HO— C— H HO-C— H HO-C— H HO-C— H 



HO-C— H H-€— OH H— C— OH HO-C— H 



CHO 



CHO 



CHO 



CHO 



i 



i 



COOH 



I 



COOH 



i 



COOH 



COOH 



HO-C— H HO— C— H H— C— OH H— C— OH 



HO-C— H HO-C— H HO-C— H HO— C— H 



HO— C— H H-C— OH H— C— OH HO— C— H 



COOH COOH COOH COOH 

(1) Inactive (2) Active (3) Inactive (4) Active 

Two of these will be active and two inactive because on 
converting both end carbon atoms into similar groups (car- 
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boxyl), the central carbon atom in (1) and (3) loses its 
asymmetry and the molecule presents internal optical 
compensation (161). 

Arabinose and ribose yield the. same osazone, so their 
difference in configuration must lie in the H and OH on 
the carbon atom next to the aldehyde group, since these 
only are displaced in osazone formation (p. 285). The 
pairs of formulse which fylfill this condition are (1) and 
(2) or (3) and (4) (p. 298). Arabinosfe and ribose must 
be represented by one of these pairs. 

Arabinose on oxidation yields an optically active trihy- 
drqxy glutaric acid, while ribose and xylose produce in- 
active acids. This necessitates assigning the formulse 
(1) or (3) to ribose and xylose, and arabinose must be 
either (2) or (4). Lyxose must then be whichever of the 
formulse (2) or (4) is not assigned to arabinose. But the 
fact that arabinose and ribose yield the same osazone 
shows that if arabinose is (2) ribose must be (1), or if 
arabinose is (4) ribose must be (3). 

When a pentose is subjected to Kiliani's reaction (p. 290) 
the resulting hexose will present two different configura- 
tions, since when the hydroxyl group is formed in the cyan- 
hydrin formation there is just as great a chance that it will 
take up its position on one side as another (see lactic 
acid, 66). When the hexoses derived from arabinose or 
xylose are oxidized to dibasic acids, both are found to be 
active, while those derived from lyxose are one active and 
the other inactive. The formulas for inactive acids must 
show internal compensation, since each contains two 
asymmetric carbon atoms. 
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CHbOH 

1 


CH2OH 


H0-(!*— H 


H— C— OH 


HO-C— H 


HO— C— H 


H-C— OH 


HO— C— H 



/" 




CH 



CH2OH 




CHjOH 



/ 
CHsOH CH,OH 

! I 

HO— C— H HO— C— H 

HO-C— H HO— C— H HO-C— H HO— C— H 



H— C— OH H— C— OH 



H-C— OH H— C— OH HO— C— H HO— C— H 



H1.V C— H H— C— OH HO-C— H H— C— OH 



CHO 



i 



CHO 

I 

COOH 



CHO 



CHO 



i 



COOH 



i 



COOH 



ax>H 



HO- C- H HO-C— H H— C— OH H— C— OH 



HW C H HO-C— H HO— C— H HO— C— H 



H- C W H— C— OH HO-C— H HO— C— H 



H\> C- H H— C— OH HO— C— H H— C— OH 



<VVH COOH 



COOH COOH 

Active acid (4) Inactive acid 
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It follows, therefore, that the formula of afabinose must 
be (2), and ribose which yields the same osazone must be 
(1), and lyxose, being the only pentose from which hexoses 
are derived yielding an active and an inactive dicarboxy- 
lic acid, must be (4). Xylose must then be represented 
by (3), the only one remaining. 



THE PENTOSES 

163. The structural formulae for the three biologically 
important pentoses are the following : 

CH2OH CH2OH CH2OH 



H— C— OH HO— C— H 



H— C— OH 



H— C— OH HO-C— H 



HO— C— H 



H— C— OH H— C— OH 



H— C— OH 



CHO 

d-ribose 



CHO 

l-etrabinose 



CHO 

l-xylose 



d-ribose has been found only in the nucleic acids. Judg- 
ing from the amount of furfural obtained from various 
tissues when these are distilled with acids, the human body 
contains about 10.5 grams of pentose. 1-arabinose and 
l-xylose are apparently not found in nature in the free 
state, but only in the form of their polysaccharides, araban 
and xylan (162) in the gums and woody tissues of plants. 
The pentoses are water-soluble and show the general 
properties of alcohols and aldehydes. 1-arabinose is 
obtained from the hydrolysis of gum arable, peach gum, 
cherry gum, etc. It crystallizes in prisms and has a sweet 
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• . .:s designation 1-arabinose 
iiiiCLil relationship to glucose 

• irnlvsis of xvlan, which is 
J.' ^' in the straw of wheat, 

,'••.::<. It crystallizes in doubly 
..: a: 144-145°. 
1^.0 !nt>re common hexoses, the 

;\:»iation in the animal bodv 

I. 

\:cr.t. After the administration 

•i u::i they appear in the urine. 

• I'viiiuaU. there is excreted regu- 

, • . >> of the character of the diet, a 

. »«:r.:ose which has not been iden- 

> vr\^bably aral)inose or ribose. 

^ r • '.av has been reported in the 

«. ^ •''*:< chrtMiic pentosuria appears 

^ . li -N apparently hereditary. 

-, -. rt\;uently follows the ingestion 

^ ... .u' which contain pentoses or 

•*^.^5<s. rhe reaction for the estima- 

'. r voly-accharides depends upon 

..••'..rul on treatment with mineral 

^. >«:-A^Hi is distilled oil' with steam 

'. »:^ii'n>i:lucinol (194). The latter 

.^ . iutK»iuul with which furfural forms 

^.m^K»auvl on wndensation. From the 

■M niilorDglucide the pentose content of the 

. L\ Thiobarbituric acid (139) by virtue 



I 

I 
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of its hydroxyl group likewise condenses with furfural to 
form a very insoluble product, which has been made the 
basis of a quantitative estimation of the pentoses. 

With certain other cyclic poiyalcohols the pentoses in 
acid solution give characteristic color reactions. Most 
important is the colored derivative with orcin (196). 

154. Methyl Pentoses. — There is found in nature a 
class of compounds called glucoaidea (161) which contain 
a hexose, a disaccharide, or a methyl pentose in union with 
some other substance. The second substances vary 
greatly in their chemical character, but in most instances 
they are alcohols. They are found in seeds, roots, leaves 
and bark of plants, and are broken up by acids or by spe- 
cific enzymes, but not by alkalies, Into their constitutents. 
Among these glucosides quercitrin, xanthorhamnin and 
certain of the saponins (161) yield the methyl pentose 
rkamnose. This sugar is still occasionally referred to as 
isodulcite, a "hame which it once held owing to the mis- 
taken belief that it was a hexahydric alcohol. Its for- 
mula is 

CHs— CHOH— CHOH— CHOH-CHOH— CHO 

Rhamnose is crystalline, the crystals containing one 
molecule of water. It melts at 93°. 

Other methyl pentoses found in nature arefvcose in the 
form of the polysaccharide fucosan in certain seaweeds, 
and ckivovoae in the form of the glucoside chinovin found 
especially in cinchona bark. 

165. The Hexoses. — There are sixteen possible stereo- 
chemical isomers of the sugars having the formula 
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-4 



These represent eight forms 

.^-- »-\' the eight pairs of sugars 

.^ ./.xin.^wn, so that but six need be 

■ -. v.LTul formulae are arrived at 

■ le pentoses and the optical prop- 

> vhich they yield on oxidation. 

.. . .'. 161^ is applied to arabinose, 

^•:',:oing the resulting lactone two 

.■^ •■ ery common in nature, viz., 

'.: iias been pointed out in describ- 

txoses from pentoses that the only 

.>c be due to the difference in position 

....• 'II the carbon atom adjoining the 

■•:..^^e and mannose must be repre- 

- :\vo structures, A and B : — 



CH2OH 



H 



CH2OH 



HO^C— H 



^^ OH 



HO— C— H 



H— C-OH 



HO-C— H 



Ar^iDOie 



CHO 

B 



^'TPii it Yields a dibasic acid called 

: One of the hexoses not found in 

„p*- bv Fischer by synthesis, viz. gulose, 

'''!l>Uiou saccharic acid. This being the 
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case, the arrangement of the H and OH groups on all the 
four central carbon atoms must be alike in glucose and 
gulose, for these carbon atoms and their H and OH 
groups are not affected in any way by transforming the 
sugar into saccharic acid. It follows that the difference 
between glucose and gulose must be explainable as the re- ^ 
suit of the asymmetry due to the difference m position of 
the aldehyde and primary alcohol groups with respect to 
the peculiar arrangement of the rest of the molecule. It 
also follows that any formula which is the same when 
the CHO and CH2OH groups are transposed cannot 
represent glucose and gulose, for such a formula could not 
represent two different sugars. In the following formulae 
C fulfills the last condition, while D, on transposing the 
end groups, leads to a different sugar. 

CH2OH CHO CH2OH CHO 

I I I I 

HO— C— H HO— C— H HO— C— H HO-C— H 

I I I. I 

HO— C— H HO— C— H HO-C— H HO— C— H 

I -^ I I -^ I 

H-€-OH H— C-OH H-€-OH H— C-OH 

I I I' • I 

H-€-OH H— C-OH HO— C— H HO— C— H 



CHO CH2OH CHO CH2OH 

G D 

Same sugar after transposing Different sugar after transposing 

terminal groups terminal groups 

Glucose is therefore represented by the formula D and 
mannose is C. The formula F must accordingly represent 
gulose. 

z 
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CHjOH CH2OH 

I I 

H— C— OH H— C— OH 



HO-C— H 

1 


HO-C H 


H— C— OH 


H— C— 


H-C-OH 


HO— C H 


CHO 

p 


CHO 




Ivloc$e, another sugar not found in nature but ob- 
taiiHxl sjTxthetically, yields the same osazone as gulose, 
axK) thw difference in structure rests therefore in the 
pocidtions of the H and OH adjacent to the aldehyde 
group, since onlj' these two are affected in osazone 
fwnation. Tliis is further supported by the fact that 
xj'Kxjse when subjected to Kiliani's reaction yields a 
mixtufv i>f gulose and idose. It has been already shown 
that guKv^ is represented by F, so idose must have the 
$tructur%' 0* 

<(-^;^da^'Uv^ is a natiurally occurring sugar. On reduc- 
tivHi it vWkli iu\ inactive hexahydric alcohol and on oxida- 
tkm JU4 UM^"^vt^ dibasic acid. When converted by Kiliani's 
TV^'iKH^ iulv^ two Keptonic acids and on further oxidation 
v>f Uk^ latusr iut\> j^ntahj-droxy pimelic acids, both prod- 
uviN aJV ^^|>lic^Jly active. From considerations ' anal- 
v'l^s'Ux w^ Uh^^ diwmhed in arriving at the structures 
v\ v';.4V:4: ti^\V4i<^ iW Kvrmula ascribed to galactose is the 



The Carbohydrates 307 

CH2OH 

I 
HO— C— H 

I 
H— C-OH 

I 
H-€-OH 

- I 
HO— C— H 

I- 
CHO 

166. The Ketoses. — There are found in nature but 
two representatives of the ketohexoses, viz. fructose and 
sorbose. The lattfer is very rare, but the former is one of 
the very widespread and important sugars. 

d-fructose is found together with glucose in sweet fruits 
an,d is chemically combined with it in cane sugar, with 
glucose and galactose in raflBnose, a trisaccharide found 
in cotton seed, with mannose as mannotetrose found in 
manna, and with galactose in lupeose, a tetrose found 
in the seeds of the lupine. There is a starch-like polysac- 
charide, inulin, m the tubers of the dahlia, which yields 
. fructose on hydrolysis. 

d-fructose is foimd in nature. It is levorotatory, not- 
withstanding its designation as d-fructose. Fischer de- 
signated as the d-, 1-, or i- form all monoses which are 
derived from a d-, 1-, or i-hexose respectively, d-fructose 
can be derived from d-glucose, hence its name. The letter 
denoting the form of a monose signifies to what optical 
form of hexose the monose is related, and not the direction 
of its rotation of the plane of polarized light. 
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It is distinctly sweeter than any other sugar, and is more 
unstable than the aldohexoses. The constitution as- 
signed to it is : 

CH2OH 



HO-C— H 

I 
HO— C— H 

I 
H— C— OH 

J. ^ 

c=o 

I 

CH20H 

On oxidation it yields formic, glycolic, tartaric, and tii< 
hydroxy glutaric acids. 

CH2OH COOH 

I I 

HO— C— H HO— C— H 



HO— C— H +^? HO— C— H 



H— C— OH H— C— OH 

I I 

C=0 COOH 



CHjOH HCOOH 



Trihydrox:]^ glutario and 
f orxnio aoids 



Since the cleavage may take place on one side of the 
carbonyl group as well as on the other, this group of oxi- 
dation products shows that the carbonyl group is but one 
removed from the terminal carbon atom. 
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CH2OH COOH 



HO-C H 
HO-C— H 


+20 

>■ 


HO— C— H 
HO-C— H 


H— C— OH 




COOH 


C=0 


COOH 


CH2OH 

• 




CH2OH 

Glyoolio and 
tartaric acids 



Whereas the aldopentoses and aldohexoses yield normal 
carbon chain derivatives when subjected to the cyanhy- 
drin synthesis (page 287), fructose yields an acid with 
the following structure : 

CH2OH CH2OH CH2OH 



HO— C— H HO— C— H HO— C— H 

I I I 

HO— C— H HO— C— H HO— C— H 

I I I 

H— C— OH H— C— OH H— C— OH 

i=0 ±5^ i/0H+2I^ iz2EcOOH 
I I^N I 

CHjOH CH2OH CH2OH 

E^otose ' Cyanhydrin Heptonic acid 

This harmonizes with the assumption that the structure 
assigned to fructose is correct, for the ketone structure of 
fructose must necessarily lead to the formation of a 
branched carbon chain. 
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This heptonic acid when reduced by heating with hydri- 
odic acid (149) is changed into methyl-w-butyl acetic acid 

CH3 — CH2 — CH2 — CH2V 

>CH-€OOH 
CH3/ 

which has been synthesized by the Claisen reaction 
(127). 

The same osazone is obtained from d-fructose as from 
d-glucose. It is therefore evident that the configuration 
of the molecules of these hexoses differ only in the ketone 
group and its adjacent terminal carbon atom. The 
identity of the osazones serves to confirm the idea that in 
glucose the a-carbon atom and in fructose the terminal 
carbon atom react with a second molecule of phenyl- 
hydrazine after hydrazone formation has taken place. In 
other words, it is definite evidence that in the osazones the 
two phenylhydrazine groups are united to adjacent carbon 
atoms. The osazone from these two sugars, which may 
properly be called glucosazone or f ructosazone, has the fol- 
lowing constitution : 

CH2OH 



(CH0H)8 

I 

I 
CH=N— NH— CsHb 

Glucose may be converted into fructose by warming the 
osazone with hydrochloric acid. The two phenylhydra- 
zine groups are separated by hydrolysis and there results 
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an osorie, a compound containing an aldehyde and a ketone 
group: 

CH2OH CH2OH 

I I 

(CHOH), (CHOH), 



C=N— NHCeHj HOH C=0 HjN— NH— CeHj 

+ ->• I + . 



CH=N— NHCeHj HOH CHO HjN— NH— C«Hj 

Osasone Osone Phenj^lhydrasine 

On careful reduction the aldehyde group is reduced 
to a primary alcohol and fructose is formed. This 
reaction is general for the conversion of aldoses into 
ketoses. 

In harmony with what has been said regarding which 
two carbon atoms react in the formation of the osazones, 
it is found that while d-glucose and d-mannose yield 
different hydrazones they yield the same osazone. It has 
been shown already that the molecules of these sugars 
differ only in the positions occupied by the H and OH 
linked to the a-carbon atom (162). 

Heptoses, octoses, and nonoses, aldoses containing 
seven, eight, and nine carbon atoms, have been prepared 
by Fischer from the hexoses by the cyanhydrin synthesis. 
These compounds are not found in nature. It is of 
biological interest that they are not fermentable by 
yeast. 

167. Special Properties of the Hexoses. — Among the 
many possible aldo- and keto-hexoses, there are only four 
which are of great importance as natural products : 
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CH2OH CH2OH CH2OH CH2OH 



HO— C— H HO— C— H HO— C— H HO— C— H 

I I I I 

HO-C— H HO— C— H HO— C— H H— C— OH 



H-€— OH H— C— OH H— C— OH H— C— OH 

I I I I 

H— C— OH HO— C— H C =0 HO-C— H 



CHO CHO CH2OH CHO 

d-mannose d-gluoose d-fructose d-galsctose 

Mannose is seldom found in nature as such and only 
in small amounts. It forms in plants a cellulose-like sub- 
stance, mannocellulose (mannan), in the cell walls, and in 
this form occurs in large quantities, an especially good 
source being the ivory nut. Mannose is obtained as a 
hard, solid amorphous mass which is deliquescent and 
dissolves easily in water, slightly in alcohol and is insoluble 
in ether. It is identified as the phenylhydrazone which 
melts at 195-200''. 

On reduction with nascent hydrogen mannose is con- 
verted into the hexahydric alcohol, mannite. The latter 
is found in considerable amounts in manna, that from the 
ash containing 30-60 %. Mannose is easily fermentable 
by yeast. It is crystalline and melts at 132°. 

d-glucose (dextrose, grape sugar) is found widely dis- 
tributed with fructose in ripe fruits and other parts of 
plants, including the nectar of flowers. It is formed 
from the hydrolysis of cane sugar, malt sugar, and milk 
sugar, starch, etc. It is the sugar which is a normal con- 
stituent of the blood and lymph, being present to 1 part 
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in 1000. In diabetes, a disease of the pancreas, it occurs 
in the urine sometimes in large amounts. 

On reduction of glucose the hexahydric alcohol d-sorbite 
is formed, and on oxidation gluconic acid, analogous to 
mannonic acid, and on further oxidation the dibasic 
saccharic acid, analogous to manno-saccharic acid. 

d-glucose crystallizes from alcohol in water-free form, 
and from water as a hydrate, C6H12O6 + H2O. Water- 
free glucose melts at 146° and at 170° loses water from its 
H and OH groups, several molecules of glucose condensing 
to a polysaccharide glucosan. By treating glucose with 
dehydrating agents, such as strong acids, several molecules 
are condensed to form polysaccharides, complexes having 
a high molecular weight. 

On oxidation of d-glucose the aldehyde group is first 
attacked and is converted into gluconic acid, and on further 
oxidation the primary alcohol group is converted succes- 
sively into an aldehyde and then into a carboxyl group : 

CH2OH CH2OH CHO COOH 
(CH0H)4 +^ (CH0H)4 +2^ (CH0H)4 Jl^ (CH0H)4 



CHO COOH COOH COOH 

d-glucose d-gluoonio acid d-glycuronic acid Saccharic acid 

Although this is the course of the oxidation of glucose 
in the laboratory, and although animals regularly oxidize 
large amounts of glucose, these acids do not represent the 
course of the first steps in the destruction of sugar by the 
living organism. Instead the glucose molecule is disso- 
ciated into simpler compounds containing but three and 
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two carbon atoms, and it is these which are oxidized. The 
first step in the biological degradation of the sugars is 
therefore not oxidative but hydrolytic (164). 

d-glucose is the most easily utilized of the hexoses. In 
healthy persons the capacity to utilize this sugar is as 
great as the capacity of the digestive tract to absorb it. 
Healthy young men have been known to absorb more than 
a pound of glucose within twenty-four hours without the 
appearance of sugar in the urine. It is likewise easily 
fermented by yeasts, in which process it is converted into 
alcohol and carbon dioxide (164). Glucose is manufac- 
tured on a commercial scale by the acid hydrolysis of 
starch. 

Action of Alkalies on Glucose. — When allowed to 
stand for several months with dilute alkali glucose is 
converted to the extent of 50-60% into inactive lactic 
acid, .5-2% into formic acid, and 30-50% into several 
hydroxy acids. Among other cleavage products formed 
by alkalies is victkyl glyoxal, the aldehyde of pyruvic acid. 

A reaction of biological interest is the formation of 
methyl imidazole by the action of ammonia and zinc 
hydroxide on glucose. This illustrates in a suggestive 
way the possibility of the formation of certain cyclic 
compounds within the animal body through the participa- 
tion of carbohydrate. It will be recalled that one of the 
amino acids, histidine (138), derived from proteins, contains 
the imidazole ring. The formation of methyl imidazole 
from glucose and ammonia is best explained as the result 
of the interaction of ammonia with the dissociation pro- 
ducts of glucose, methyl glyoxal, and formaldehyde : 
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CHr-€ a NH /^ ^ 




1 


A \^ 


CH H2 N H 0\ 



H 



Methyl glyozal Asunonia 



/ 



Formaldehyde 

CH3— C— NH. 

II >CH+3HjO 

CH— n;^ 

Methyl imidazole 



In solution in water containing the slightest trace of 
alkali (OH ions), glucose is in part transformed into d- 
fructose and d-mannose. The explanation of this change, 
first studied by de Bruyn and van Ekenstein is as follows : 

The aldose d-glucose, in water solution passes to some 
extent into the forms illustrated by the following structural 
formulae : 



CH2OH 

I 
(CH0H)8 

I 
CHOH 

I 
CHO 

d-gluoose 



CH2OH 



CH2OH 



(CHOH) 



s 



(CHOH)i 



CHJ 



and 




/CH 
<l 



CH< ^CHv 

OH X)H* 

Labile transformation forms 



CH2OH CH2OH 



(CH0H)3 (CHOH)s 

I - or I 
CHOH CO 



CHO 



CH2OH 



d-gluoose or d-mannose d-fructose 
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The change is believed to take place through the lability 
of one hydrogen atom marked X in the intermediate forms 
whereby it can wander from one to the other of the two 
neighboring carbon atoms. By the shifting of a hydrogen 
from the end carbon atom to the second an aldose would be 
regenerated, but by the law of chance the hydroxj^l group 
would take its place on one side of the chain as frequently 
as the other, and d-glucose would be regenerated or d-man- 
iiose would be formed accordingly. By a shifting of the 
hydrogen atom from the second to the end carbon atom 
a ketone sugar d-Eructose would result. When therefore 
any one of the three sugars d-glucoae, d-mannose, or d- 
fructose is in solution in the presence of a low concentra- 
tion of hydroxj'l ions, it will pass in part into the other 
two, until a certain proportion exists among the three 
kinds of molecules, i.e. each form is in dynamic equilib- 
rium with the other two. If by some meaus the glucose 
is removed from the system, more will be formed. 

This observation is of the greatest importance in that 
it enables us to understand how an animal may absorb 
from the digestive tract mannose or fructose and yet these 
never be present in the blood. They are always trans- 
formed into d-glucose if the absorption is not too rapid, in 
which case the fructose and mannose are said to exceed 
the assimilation limit since they escape into the urine. 

d-glucose yields a phenylhydrazone which melts at 
144-140°, and anosazone which melts at 206°. On reduce 
tion it j'ields the hexahydroxy alcohol d-sorbite. 

d-fnictose is actually levorotatory, but is called the 
dextro form because of its structural relationship to d- 
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glucose. Although d-fructose yields the same osazone as 

do d-glucose and d-mannose, it is easily distinguishable 

from these by its peculiar behavior with methyl phenylr 

hydrazine : 

CeHir-N— NH2 

/ 
CH3 

With this methyl-substituted phenylhydrazine d-fruc- 
tose and other ketoses yield osazones. The aldoses, on the 
other hand, do not react with this reagent beyond the 
hydrazone stage under ordinary conditions. The methyl 
phenylosazone of fructose melts at 158-160°. 

The capacity of the animal organism to utilize fructose 
is much less than for d-glucose. d-fructose is easily fer- 
mentable by yeast. 

An extremely interesting ^observation is the formation 
of d-fructose from d-mannite by a kind of fermentation 
induced by Bacterium xylinum Brown, through which 
the alcohol is oxidized to a ketone. 

d-galactose is present in milk sugar in union with 
d-glucose. It also occurs in certain polysaccharides, as 
agar-agar, and in certain glucosides. It exists in the brain 
in considerable amount in union with a fatty acid and a 
base of unknown chemical nature. The hexose itself has 
never been found in the free state in either plants or 
animals. Galactose is easily distinguishable from the 
other hexoses by the insolubility in dilute nitric acid of 
the dicarboxy acid, mudc add, which results on oxidation 
of the sugar with nitric acid. Mucic acid is so insoluble 
and is formed so nearly quantitatively that its formation 
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serves as the best available method of estimating galactose 
or galactose-yielding polysaccharides. 

d-galactose is much less readUy utilized in the animal 
body than is eithec glucose or fructose, and on the inges- 
tion of even moderate amounts is eliminated in part 
unchanged in the urine. 

158. The Disaccharides. — There are three sugars of 
great biological interest which yield on hydrolysis two 
molecules of hexose. The molecular weights of all of 
them correspond to the formula CiaHjjOii, They are 
sucrose, or cane sugar, which yields on hydrolysis one mole- 
cule of d-glucose aod one of d-fructose; maltoae, or malt 
sugar, which yields two molecules of d-g!ucose ,- and lactose, 
or milk sugar, which yields one molecule of d-galactose 
and one of d-glueose, 

Sucrose, CkHjjOu, occurs in the juices of many plants, 
especially sugar cane and sugar beet. As much as 16-20 % 
of the dry substance of the plant is sucrose. It crystallizes 
readily. The sugar is extracted from the finely rasped 
beets with warm water and the solution treated with lime, 
which causes the neutralization of acids in the juice, and 
is then boiled to coagulate the proteins. The solution is 
then treated with carbon dioxide to precipitate most of the 
calcium, and after this with sulphur dioxide whose reducing 
action discharges the color. It is again boiled and filtered, 
and the filtrate evaporated under diminished pressure to 
crystallization. The mother liquor from the crystals is 
molasses. The molasses yields another portion of sucrose 
on treatment with lime or strontium hydroxide, an insol- 
uble calcium or strontium saccharate being formed. 
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latter is decomposed by carbon dioxide and the liquid, 
freed from solid calcium or strontium carbonate, yields a 
crop of crystals of sugar. The molasses, which contains 
much glucose, is in great part fermented for the preparation 
of rum or alcohol for industrial purposes. 

Sucrose forms large monoclinic crystals which are 
easily soluble in water and melt at 160°, then solidify 
to a glassy mass and on further heating become brown 
with the formation of caramel. The specific rotation of 
cane sugar is, for a solution of about 25 % strength : 

[a],>=+66.5^ 

The rotatory power is made use of in the estimation of 
sucrose. On boiling with dilute acids, it is converted 
into d-glucose and d-fructose. The resulting solution 
rotates the plane of polarized light to the left, since the 
levorotatory power of fructose is [a}2> = — 93° while 
for d-glucose or dextrose [a]2> = +52.7°. Since the direc- 
tion of rotation changes when cane sugar is hydrolyzed, 
the process is called inversion, and the product invert 
sugar. 

The same conversion of sucrose into glucose and fructose 
is brought about by an enzyme invertdse, which is present 
in yeast and in the mucous membrane of the small intes- 
tine. The rate of inversion of cane sugar by acids has 
been very carefully studied, and it has been found that 
it is proportional to the concentration of the hydrogen ions 
present. The hydrogen ion is therefore the catalytic 
agent for this hydrolytic reaction. 

Sucrose does not reduce the oxides of the heavy metals 
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(e.g. Fehling's solution) a3 do glucose, fructose, mannose, 
and the other aldoses and ketoses, nor does it form com- 
pounds with hydrazines. It does not therefore contain a 
carbonyl (aldehyde or ketone) group, but on hydrolysis to 
glucose and fructose an aldehyde and a ketone group are 
formed. It contains, however, eight liydroxyl groups, 
since it yields an octa^acetyl derivative. 

Sucrose is regarded as a glycoside of d-fructose (161) . It 
cannot be utilizetl directly by an animal, being excreted 
in the urine when Introduced directly into the blood. In 
the digestive tract it is hydrolyzed into glucose and fruc- 
tose before absorption. 

Maltose, Ci2H220it + H^O, is found in small amounts 
in many plants. It is the end product of the action on 
starch of the enzyme amylase of the saliva of the omniv- 
orous animals, including man. It has been found in human 
urine in disease of the pancreas, but in the normal organ- 
ism maltose is readily utilized either when introduced 
into the alimentary tract or directly into the blood. The 
blood conta,in3 an enzyme maltose which converts maltose 
into two molecules of d-glucose. This change is likewise 
effected by heating with dilute acids. There is no cor- 
responding enzyme in the blood or tissues for the hydroly- 
sis of sucrose or lactose. 

Maltose reduces solutions of the oxides of the heavy 
metals, which indicates that it contains a carbonyl group. 
Maltosazone melts at 205°. 

Isomaltose is a disaccharide which is formed by the 
dehydrating action of strong hydrochloric acid on a con- 
centrated solution of glucose. Its osazone melts at 200° 
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and is more soluble in water than h maltosazone. Its 
stereochemical configuration is sufficiently different from 
maltose to make it non-fermentable with yeast. The 
enzymes of yeast do not hydrolyze it to hexoses, but the 
enzyme emuhin found in the almond converts it into two 
molecules of glueoHC. 

Lactose or Milk Sugar, Ci^HjaOu + H2O, is found nowhere 
but in the milk of animals. It contains a carbonyl group, 
since it reduces certain oxides of the heavy metals. Its 
osazone melts at 200". 

In the animal organism lactose behaves as does cane 
sugar. ^Vhen taken into the alimentary tract, it is hydro- 
lyzed by the enzyme lactase into d-glucose and d-galactose 
before being absorbed ; and if introduced directly into the 
blood, is principally excreted unchanged in the urine. The 
lactose of the milk is derived from d-glucose and not from 
the food. 

Melibiose is isomeric with lactose and yields the same 
hexoses on hydrolysis. It results together with d-fructose 
from the action of dilute acids or of invertase upon the 
trisaccharide raffinose. Like lactose, it is a reducing sugar. 
It resembles lactose in being hydrolyzed by emulsin, but 
differs from it in not being cleaved by lactase. 

159. The Stereochemical Configuratioii of the Sugars 
Determines their Biological Value. — Of the sixteen isomers 
of the atdoiiexoaes only three are readily utilized by the 
higher animals, and of these three, d-glucose, d-fructose, 
and d-maunose, only the former has a liigh assimilation 
limit. Galactose is utilized with more difficulty than the 
three first named. 
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A similar relationship holds in the case of the disacc 
rides. Before these can be utilized biologically tliey 
be converted into the Cg sugars, and there is a mark* 
difference in the extent to which various organisms are 
prepared with the specific enzymes necessary for their 
cleavage. Thus the invertase of yeast, but not the malt- 
ase and lactase, act on cane sugar. Invertase and lac- 
tase do not cleave maltose. Emulsin does not hydrolyze 
any of these disaccharides. Certain of the molds are 
provided with all of these enzymes. 

The limitations of the digestive tract are similar to 
those of yeasts, The mucous membrane of the intestine 
in all animals contains invertase and maltase and usually 
lactase. The blood contains maltase, but no invt 
or lactase. 

Yeasts show among the races great variation in 
~ capacity to efTect the hydrolysis of the disaccharides. 
Thus, the yeast which induces alcoholic fermentation of 
milk, forming kepkir, contains lactase, while beer yeast 
does not. The latter, however, can cleave cane sugar and 
ferment the resulting sugars. Many yeasts contain both 
invertase and maltase, and can ferment both these sugars, 
but Saccharcytnyces Marxiarma contains only in\'ertase 
and can ferment therefore sucrose, but not maltose. 
SacckarmiiycfS ocU>3porv3, on the other hand, can ferment 
maltose but not sucrose, and Saccharoviyces apiculatus, 
which is capable of fermenting d-glucose, d-mannose, 
and d-fructose, contains no enzyme for the hydrolysis 
of any of the disaccharides, and cannot ferment the 
latter. 
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ISO. Raffinose, C18H32O1B— 5 H^O, is a trisaccharide 
found in small amount in the sugar beet and therefore in 
considerable amount in molasses. It ia especially plenti- 
ful in the cotton seed (10 %) and is a constituent of 
. Eucalypttis manva. On hydrolysis with dilute acids tt is 
first converted into fructose and melibiose, and the latter 
into d-glucose and d-galactose. Top yeast effects the 
cleavage of raffinose into d -fructose and melibiose, and 
bottom yeasts ferment it completely. Emulain converts 
raffinose into galactose and cane sugar. 

THE GLUCOSIDES 
161. In a manner analogous with the reaction of the 
aldehydes with alcohols to form acetals (32), the aldoses 
can react with alcohols to form the glucosides. Many such 
compounds occur in nature in plants, these usually contain- 
ing an aromatic alcohol, aldehyde, or acid, but also other 
classes of compounds. The carbohydrate group is in 
most cases glucose, but glucosides are also known which 
yield galactose, rhamnose, and disaccharides. The leaves 
of Indigafera tinctaria and of Isatis tinctoTia contain a 
glucoside indican, from which the dye indigo results by a 
process of fermentation. The madder root contains among 
other glucosides ruberythric acid, which yields the red dye 
alizerin. The leaves of Digitalis purpurea yield the glu- 
coside digitalin, which exerts a pecuhar action on cardiac 
muscle. Willow bark contains salicin, from which salicylic 
add (209) is derived. The roots of fruit trees, as apple, 
peach, etc., yield the glucoside phlorizin, which is much em- 
ployed in inducing an experimental glycosuria in animals 
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for biochemical studies. The roots of Spiraea contain 
gaidiheTin, mustard seeds jield myroain, etc. 

One of the best known of the glucosides is amygdaiin, 
from the bitter almond. Solutions of amygdaiin do not 
reduce solutions of the heavy metals, a fact which is 
taken to indicate that there is no free aldehyde group. 
After hydrolysis with dilute acids the presence of glucose 
can be detected by the reduction of Fehling's solution, 
and by the formation of an insoluble osazone {p. 286) 
which melts at 205°. Benzaldehyde can be detected by its 
odor, and HCN by its precipitate with silver nitrate. It 
is soluble in alcohol and can be crystallized from this 
solvent. Emulsin, an enzyme contained in the almond, 
hydrolyses amygdaiin into benzaldehyde (204), hydro- 
cyanic acid, and two glucose molecules. Water extract of 
beer yeast contains an enzyme which splits off hydro- 
Ijtically but one molecule of glucose and leaves the com- 
bination benzaldehyde, hydrocyanic acid, and glucose, 
the glucoside of mandelic acid uitrile (206). 



CONSTITUTION OF THE GLUCOSIDES 
The beat-known synthetical gluccsides are those from 
glucose and methyl alcohol. When a concentrated solu- 
tion of d-glucose in methyl alcohol if treated with gaseous 
liydrochUiric acid, there result two compounds known as 
a-nictliyl glucoside and ^methyl glucoside. The a-forra 
ia dextrorotatory and is soluble in 200 parts of alcohol; 
while llic ^-form is levorotatory and is soluble in 66.7 
imrts of aliiiliol at 100°. They can therefore be separated 
by their dillGnuit solubilities. Maltase hydrolyzes the 
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o-glucoside but not the /3-form, while emulsin hydrolyzes 
the /3-form but not the o-form. The natural glucosides 
are in general hydrolyzed only by emulsin, and for this 
reason they are termed /3-glucosides. The structural 
formulae assigned to oe- and /3-methyl glucosides are as 
follows : • 

CHjOH CH2OH 



H— C— OH 



H— C— OH 



H— C 




H— C 



H-<:^OCHi 

a-Methyl gluooside 




CH3O— C— H 

/3-Methyl gluooside 



The reasons for assigning these constitutional formulae 
are the following : 

1. Only a single molecule of alcohol reacts with one of 
glucose, with the elimination of a molecule of water. 
One of the secondary alcohol radicals must therefore enter 
into the reaction. This is in all probability the 7-hy- 
droxyl group, since this is the one which reacts in the forma- 
tion of lactones (125), and since no compounds other than 
those containing 7-hydroxyl groups form glucosides. The 
ease with which the glucosides are decomposed by hy- 
drolysis argues strongly against the union of the alcohol 
radical directly to carbon, and for the assumption of link- 
age through oxygen as in the ethers. The mechanism 
of glucoside formation may therefore be represented thus : 



328 Organic Chemistry for Students of Medicine 



Sucrose, which contains no carbonyl group, is represented 



as: 



CH2OH 



H— C— OH 



H— C— OH 



HO— C— H 



H— C— OH 



C= O 



H 

d-gluoose 



CHaOH 



H— C— OH 



H— C— OH 



HO-C— H 



0=C 



HOH2C 

d-fruotose 



CH2OH 

I 

CHOH 



CH2OH 

I 
CH 




CHOH 




(/ CH2OH 



Sucrose 

Emil Fischer has suggested the comparison of the spe- 
cific action of enzymic action in the hydrolysis of sugars 
and other compounds, with the relationship between lock 
and key. The stereochemical structures of both the 
enzyme and the molecules of the substrate determine 
whether they can interact. This specificity of ferment 
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action is of the greatest significance for the life of the 

animal or plant cell. 

The union of galactose in the galactolipins of the brain 

and of ribose in nucleic acids is probably of the nature of 

glucosides. 

THE POLYSACCHARIDES 

162. Starch (CeHioOs)!! (amylum) is a non-crystalline 
carbohydrate produced by plants as a reserve material. It 
is closely related to cellulose on the one hand, a compound 
whose peculiar properties fit it to be the skeletal tissue 
of plants, and to the simple hexoses and disaccharides on 
the other, into which it is readily converted by hydrolysis. 
Starch is insoluble in water and exists in grains, tubers, 
fruits, etc., in the form of grains. These consist of at 
least two kinds of carbohydrates: granuhse, which is 
colored blue by iodine, and starch cellulose, which is not. 
The blue color produced by iodine is discharged on heating 
but reappears on cooling. Starch has a very high molec- 
ular weight (32,000) and when boiled with water under- 
goes incipient hydrolysis and is changed into soluble starch. 
The latter forms an opalescent colloidal solution. 

The amylase of the saliva of certain animals rapidly 
causes hydrolysis of starch into a series of simpler car- 
bohydrates, the dextrines, the final product being maltose. 
Acid hydrolysis converts starch into d-glucose. 

The form and. appearance of the starch grains vary 
with their origin. It is a simple matter for one familiar 
with the forms to identify by microscopical methods the 
soiu*ce of the starch. 

Starch is not the first product of the synthetic activity 
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of the plant. The latter absorbs carbon dioxide from the 
air and water and inorganic salts, including nitrates, from 
the soil. It is generally assumed, since fonnaldehyde is 
present in minute amounts in functioning leaves, and, 
as pointed out earlier (151), is [Kjlymerized to a mixture 
of hexoses, that it is the first product formed: 

CO, + HiO = HCHO + Oi 

6 HCHO = CflHuOi, 

The formation of starch is not dependent on the forma- 
tion of glucose. Leaves which have been kept in the dark 
(Uitil they are starch-free and then in the dark are floated 
on s\iga>t solutions quickly form starch, d-giucose and 
d-fructose are most readily utilized for this purpose, but 
i'«rtaiu plants can use mannose and even galactose for 
3t(iKh synthesis. Stereochemical transformation is, of 
txiur*e, necessary in these eases. 

Starrh is easily hydrolyzed by acids, but only with great 
ditBculty by alkalies. 

DttXtriaes correspond to the same empirical formula as 
»tHivh, but their molecular weight is much smaller. It is 
ttsstuue^l that there are a large number of dextrines of 
ditfewnt molecular complexities, but only two can be 
rt^Hlj' distinguished. Erythrodextmis, which gives a red 
«JtW witli iodine, is first formed by the action of amylase 
ou stan-h ; and achwodextrine, which gives no color with 
kidiup, U-* tormetl somewhat later. 

Cellulose is much more resistant than is starch. It is 
iKkt uettxi uixni by enz.vmes formed by the higher animals 
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or plants^ and is not easily decomposed by acids or alkalies. 
On treatment with strong acids under appropriate condi- 
tions the only product of its hydrolysis is d-glucose. Cellu- 
lose is found nearly pure in the cotton fiber, in linen, and 
in hemp, and is the principal constituent of wood. The 
latter, however, contains about half its dry weight of 
mcrustmg substances, known as lignin, pectins, and gummy 
substances. 

There occurs in the covering of the tunicata, a group of 
animals, a polysaccharide tunidn which appears to be 
identical with cellidose. This is the only instance of the 
occurrence of cellulose in the animal kingdom. 

When acted upon by concentrated nitric acid or by a 
mixture of nitric and sulphuric acids, cellulose is nitrated. 
According to the conditions, from one to six nitro groups 
are introduced in ester linkage for each of the C6H12O6 
complexes in the molecule. A mixture of tri- and tetra- 
nitrates dissolved in a mixture of alcohol and ether con- 
stitutes collodion. 

GuncoUon, or pyroxylin, is the hexanitrate of cellulose. 
When dissolved in acetone or ethyl acetate and the solu- 
tion evaporated, the residue in granular form constitutes 
smokeless powder. A mixture of cellulose hexanitrate 
with nitroglycerine and other substances forms ballistite, 
cordite, blasting gelatin, etc. 

Cellulose forms several acetates when treated with 
glacial acetic acid and acetic anhydride in the presence of 
strong sulphuric acid. These are insoluble in water, but 
soluble in various organic solvents. Artificial gutta- 
percha is produced by evaporating a solution of tetra- 
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i^tituents. Their chemistry 

it'I)arations of pectins made by 

»1 yield both pentoses and hexoses, 

- which seem to be of the type of 

^ es are substances which swell in water and 

'■;nus solutions. As examples may be cited 

rilagc, and those of the roots of salep and 

iioy yield both pentoses and hexoses on hydrol- 

.V their chemistry has not been thoroughly studied. 

... . :iis contain the salts of as yet unidentified organic 

.. ;.is. and yield these acids and certain reducing sugars on 

liyilrolysis. Arabinose, xylose, fucose, and galactose 

have been identified. 

Glycogen is a polysaccharide contained in animal and 
in certain plant tissues which resembles soluble starch in 
certain respects, but gives a reddish color with iodine. 
It is soluble in cold water, forming an opalescent solution. 
It is formed by the condensation of a number of molecules 
of glucose, water being separated in the union of each two 
molecules. It is acted upon by amylase, which converts 
it into maltose as in the case of starch. 
The glycogen content is higher in the liver than any 
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acetyl cellulose in acetone. When a solutior 
acetate in glacial acetic acid is poured inl 
precipitate is formed which contains much 
burns without melting or leaving an ash ar 
" solid alcohol." 

Cellulose is indigestible in the alimentary 1 
mals, but certain bacteria present there fen 
the formation of carbon dioxide, methane, hj 
formic, acetic, butyric, valerianic, and other 
tain molds and saprophytic plants secrete 
q/tase, which dissolves cellulose. The produci 
not known. 

Cellulose is insoluble in all ordinary s( 
dissolves in an ammoniacal solution of c 
(Schweitzer's reagent), and in a solution of : 
in hydrochloric acid. 

Hemicelluloses are important constituents 
and stony seeds of fruits, coconut rind, el 
present in considerable amounts in the seedi 
(pea, bean, etc.). On hydrolysis with acid 
mannose, and those of the legumes especial 
A certain amount of arabinose and xylose is 
formed. They are not well-characterized 
therefore, and appear to be either mixtures 
xylan, araban, galactan, or complex carboh^ 
posed of complexes representing several kinc 

Pentosans are polysaccharides which correi 
celluloses, but they yield on hydrolysis a pe 
Thus xylan, which is present in the straws to i 
18-28 %, yields xylose ; and araban, which occi 
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dahlia roots and other tubers of the Compositse. On 
hydrolysis it yields only d-fructose. In the plant tissues 
where inulin occurs there is formed an enzyme, inulase, 
which effects its hydrolysis whenever growth begins, 
rhere is no inulase in the digestive secretions of animals 
and therefore no provision for the utilization of this 
carbohydrate. 
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" jr iluL'^rv of alcoholic fermer.titi' r. •ie-er.'es :•■ r-c 

;.;iune«l. Schade showed that lactic aci-i treated with 

^lilute sulphuric acid formed acttaldehyde and formic acid : 

CH3-<:H0 H— COOH = CHj— CHO^H— COOH 

showing a tendency for this line of cleavage which might he 
accelerated by a yeast enz\"me. Formic acid is rapidly 
decomposed catahtically by means of metallic rhodium 
into hydrogen and carbon dioxide. Schade held that 
the latter reaction might also be catalyzed by a ferment, 
thus producing through lactic acid as a first product from 
hexose, acetaldehyde, and hydrogen in a nascent state to 
reduce it, together T^-ith one molecule of carbon dioxiilo 
for each molecule of alcohol produced. This is the pri>- 
portion actually observed in yeast fermentation. Yeasts 
do not however ferment a mixture of acetaUlehydc and 
sodium formate. 
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This itinnot therefore be considered a very probable 
explanation of what takes place in the animal body. 

The most plausible hypothesis yet advanced concerning 
the biological method of forming fats is that of Smedley, 
who c*ontleiised croton aldehyde with p>Tu\dc acid, and 
by oxidizing the resulting ketonic acid with hydrogen 
peroxiile, VCk was split ofif and the doubly unsaturated 
sorbic acid was formed : 

1. cii3-rn = CH— CHO+CH8-<:o--<:ooH 

Crutou aldehyde Pyruvic acid 

= CH,-€H = CH— CH = CH— CO— COOH 

2. CH,— CII = CII— CH = CH— CO— COOH + O 

= CH,— CH = CH— CH = CH— COOH+ Ca 

Sorbio acid 

It is easy to understand how the double bonds could be 
TViiK*\ t\l fri>m such an acid by reduction. 

NiK\lley suggests pyruvic acid and acetaldehyde as the 
v.Arci:i^ tviut for fat synthesis in the body. The following 
v%uUvUis will illustrate the process : 

V v.*-U ^.XV-COOH + CHs— CHO 

?ScuvM> Mid Acetaldehyde 

- CH,— CH|CT ^-CHH — CO-COOH 



. V » I, CH - CH CO— COOH + O 

b'^i^lvaM,* <Ark«W a«id 

= CH,— CH = CH— COOH + C0» 

Crotonio acid 

> ;», CH-WH- ax)n + 2H 

= CH,— CHj— CH2— COOH 

Butyric aoid 



CHAPTER XVn 

THE AROMATIC COMPOUNDS 

166. The hydrocarbons of the aliphatic series, or the 
fatty compounds, are not products of animal or plant 
metabolism, with the exception of methane, which* 
results from the bacterial fermentation of cellulose. None 
of them have highly agreeable odors. There are in cer- 
tain products of vegetable origin compounds which con- 
tain only carbon and hydrogen, and are very poor in 
hydrogen, suggesting compounds of a highly unsaturated 
character, as isoprene (82). These differ in every re- 
spect in their properties from the unsaturated or the sat- 
urated hydrocarbons of the aliphatic series. Thus toluene, 
C7H8, from Tolu balsam, and q/mene, C10H14, from oil of 
eucalyptus, oil of thyme, oil of caraway, and other essenr 
tied oilsy are hydrocarbons of pronounced and charac- 
teristic aromatic odors. They do not form addition 
products with the halogens as do the unsaturated hydro- 
carbons. Benzoic acid, which is found in gum benzoin, 
in cranberries, and elsewhere in plants, yields when its 
calcium salt is subjected to dry distillation, a hydro- 
carbon, CeHe, benzene. 

Toluene is oxidized to benzoic acid and is therefore 
closely related to benzene. Cymene yields on oxidation a 
dibasic acid, teraphthalic add, which on distillation of its 

calcium salt likewise yields benzene. 

346 
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Benzene may be regarded as the mother substance of a 
large number of compounds of great biological and tech- 
nical interest, and its chemistry should be considered in 
some detail. The constitution of its molecule was first 
suggested by Kekul6 in 1867, and was based principally 
on the following evidence: Since benzene does not 
behave like an unsaturated compound, its structure must 
be of a special nature to account for this property, for it 
is not possible to write the formula CeHe as an open chain 
without the employment of double or triple bonds. It has 
therefore a closed ring structure. 

Benzene is formed when acetylene is passed through a 
heated tube or subjected to high pressure. The molec- 
ular weight is 78, so it follows that in the polymerization 
three molecules of acetylene condense into one : 



CH 



CH 



^ CH /\ 

riTj HC CH 

-* I II 

CH CH jj(, (-.jj 

CH g6 

Beniene (Kekul6 formula) 

The correctness of the view that the benzene molecule 
represents a closed ring of six carbon items linked alter- 
nately by single and double bonds is supported by the 
observation that when the vapors of benzene mixed with 
hydrogen are passed through a heated tube containing 
finely divided nickel, six atoms of hydrogen are absorbed 
and hexamethylene (112) is formed : 
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CH 

/\ 
HC CH 



+ 6H 



CH2 

H2C CH2 



HC CH 

\/ 
CH 

Benxene 



H2C CH2 

\/ 
CH2 

Hexamethylene 



Kekule also emphasized the fact that all of the six 
hydrogen atoms of benzene are equal, since each is attached 
to a carbon which is alternately singly and doubly 
bound, i.e, to carbon atoms which are alike. If this is 
true there should be but one mono-substitution product 
of benzene as chlor, brom, nitro, amino, etc., h^pzene, 
all of which derivatives are known. Actually but a 
single compound of these types is known. On the nor- 
mal aliphatic hydrocarbon containing six carbon atoms, 
three isomeric mono-substitution products exist, depend- 
ing on whether the substituting group is at 1, 2, or 3, 

C>— O— C— Ci— Cr-Oi 

On the other hand, theory calls for three disubstitu- 
tion products of such a hexagonal ring, and three dichlor, 
diuitro, dilijniroxy, etc., benzenes, but no more than 
thrtH\ are known. These are called ortho-, meta-, and 
/Kmi- dorivatives (designated as o-, m-, and p-) according 






X 



\y 



M«t» 



X 



X 



X 
Pum 
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to whether the substituting groups occupy positions on 
neighboring carbon atoms (1 : 2) or on atoms separated 
by one (1 : 3) or by two carbon atoms (1 : 4) respectively. 
The position 1 : 5 is the same as 1 : 3 and 1 : 6 is the same 
•as 1 : 2. The number of isomers should be the same for 
disubstitution products whether these are similar or dis- 
similar. 

There should be, according to theory, three isomers of 
a trisubstitution product of benzene provided all substi- 
tuting groups are similar, but more if two are similar and 
one dissimilar. 



X 



X 



X 



W 



X 



X 



\/ 



X 



/\ 



X 



X 



Adjacent or vicinal 
(1:2:3) 



Symmetrical 
(1:3:5) 



Unsymmetrical 
(1:3:4) 



Of the vast number of derivatives of benzene which 
have been prepared and studied, theory has in all cases 
accorded with observation. 

It is essential, if we accept this structure for benzene, 
to assume that the double bonds are alternating between 
the 1 : 6 and the 1 : 2 positions, otherwise there should 
be observed different properties for a disubstitution prod- 
uct in which the groups were separated by a single and 
double bond respectively. Such a vibration was assumed 
by Kekule. To obviate this difficulty, since but one 
ortho disubstitution product has been observed, the 
centric formvla was proposed by Armstrong. According 
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to his assumption the fourth bond of each carbon atom in 
the ring is directed toward the center: 




Such a structure accounts for the extreme stability of 
benzene, which is much greater than that of the aliphatic 
hydrocarbons, and also accounts for the peculiar isom- 
erism of its derivatives and for its " aromatic " char- 
acter. The six-membered ring is referred to as the 
benzene nucleus, and since many derivatives of benzene 
are known in which one or more aliphatic groups replace 
the hydrogen atoms of the nucleus, these are called " side 
chains/' Substitution can be effected either in the 
nucleus or in the side chain. 

DETERMINATION OF POSITION OF SUBSTITUTING 

GROUPS IN THE NUCLEUS 

167. This has been determined by very extensive and 
elaborate study for a few substitution products of benzene 
by a method, the principle of which was enunciated by 
Korner. It depends upon the fact that when a third 
substituent y is introduced into an ortho compound, in 
which both substituting groups are similar, hut two 
isomers can be formed. This is true whether y is like or 
unlike x: 
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X 



\/ 



X 



X 



y 



/\x 



y 

(2) 



X 



X 



y 



X 



y 



/\ 



\/ 



X 



\y 



(1) (2) (3) (4) 

Two and 3 are the same and 1 and 4 are the same. 
In the case of the meta compoimd three isomers can be 
formed : 

Su SC tC 



/\ 



\/ 



y 



X 



y 



/\ 



X 



y 



\/ 



X 



While in the case of a para compound but one trisubsti- 
tution product can result: 

X 
X 

No matter what position y may take, it occupies the same 
relative positions with respect to the other substituents, 
viz. it is always in the ortho- position to one and in the 
meta position to the other. The experimental evidence 
in support of the theory of structure consists in the prep- 
aration of compounds having the percentage composi- 
tion called for by the theory and efforts to separate the 
product by crystallization, distillation, etc., into fractions 
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which have the same composition, but different physical 
{m)pert]es; i.^., isomers. The fact that patient search 
has revealed the existence of all the isomers demanded 
by theor>% and in no instance more than these, is convinc- 
ing evidence of the validity of the theory. 

Benzene, CcH^, is a colorless liquid with a character- 
istic odor, which boils at 80°. When strongly cooled it 
cr^^stallizes, the cr}*stals melting when wanned to 5.4°. 
Its specific gravity at 20° is .874. It bums with a 
smoky flame and its vapors are inflanunable. It dis- 
solves in all proportions in alcohol or ether, but is in- 
soluble in water. It dissolves fats, resins, etc., and is 
a good soh^ent for sulphur, phosphorus, iodine, and 
many other substances. 

The benzene of conunerce, also called benzole, was for- 
merly obtained from coal tar, which on distillation yields 
in the fraction obtained up to 150°, from 3-5 per cent of 
a mixture of benzene and its homologues, toluene and 
xylene. Recently Rittmann has perfected a process by 
means of which the aliphatic hydrocarbons of petro- 
leum can be made to yield 10-15 per cent of these cyclic 
hydrocarbons. This process consists in heating the petro- 
leum under pressure for a time, and then distilling the 
product. The principle involved depends upon the 
dissociation of the aliphatic hydrocarbons under these 
conditions into various unsaturated hydrocarbons, among 
which are a small content of acetylene and of its alkyl 
derivatives (see p. 164), At high temperatures and pres- 
sures acetylene condenses to benzene, an irreversible 
reaction. 
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PHYSIOLOGICAL PROPERTIES OF BENZENE 

168. The aliphatic and aromatic hydrocarbons show 
considerable differences in their physiological properties. 
The lower members of the methane series produce sleep 
if inhaled, and death by asphyxia. The toxicity in- 
creases as the carbon atoms become more numerous. 
Hexane is actively intoxicant, producing a long stage of 
excitement followed by deep anaesthesia. It acts on the 
sensory side. * Benzene and other aromatic hydrocarbons 
act principally on the motor centers, producing convul- 
sions and paralysis. Benzene has furthermore a selective 
toxic effect for the white blood corpuscles, producing 
leucopenia, and is employed in medicine in cases of 
leucaemia. 

HOMOLOGUES OF BENZENE 

169. Friedel and Crafts Reaction. When benzene is 
treated with an aliphatic halogen compound in the pres- 
ence of ahiminum chloride a reaction takes place in which 
hydrochloric acid gas is evolved and the aliphatic group 
is linked to the benzene nucleus : 



V 



+CH3C1 +^^^ 



\/ 



+HC1 
— CH3 



For the sake of simplicity the hexagonal ring is employed 
to represent benzene. 

By the employment of the homologues of methyl chlo- 
ride, ethyl, propyl, etc., groups can be substituted for a 
hydrogen atom in the benzene ring. The benzene nucleus 
2k 
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Hence the three deriva- 

. ;i'/t)ic- acid. 

it is obvious that derivatives 

viroduced bv the action of chlorine 

^ rivatixes in which the chlorine occu- 

. ntfta- or para- position to the methyl 

••» L. benzene nucleus, or those in which one, two 

' ... tlie hydrogen atoms in the methyl group are 

"Pii »>y clilorine. The position taken by chlorine 

•M u reacts with toluene depends upon the conditions 

Her which the reaction takes place. At low temper- 

^■*"nres and in the absence of light ortho- and para-chlor 

toluenes are formed in about equal proportions, with 

very little of the meta- compound. When CI acts on p- 

toluidine (176) the CI enters the m- position to the CH3 

group. The action is greatly accelerated by the presence 

of halogen carriers, such as iodine, ferric chloride, antimony 

trichloride, etc. 

At high temperatures (110°) even in the absence of 
light chlorine substitutes in the side chain exclusively. 
In the presence of halogen carriers, however, the chlorine 
enters the nucleus even at high temperatures. 

At ordinary temperatures in direct sunlight the chlorine 
enters the side chain exclusively. 

The terms chlor-, brom-, and iodo-toluenes refer 
to the 0-, m-, p-, derivatives. The derivatives in 
which the halogen is in the side chain are named as 
follows : 



, C6H6CH2CI 

Bensyl chloride 



C6H5CHCI2 

Benzal chloride 



CeHsCCla 

Benso trichloride 
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The group CjHb — CHj — is called the benzyl-radical; 
CjHbCH = benzal-, and C«H»C = benzo-, radical. The 
behavior of these will be further described later. 

171. Xylenes. Dimethyl, benzenes, C6H4(CH3)2, are 
formed by the Fittig reaction, employing brom toluenes 
and methyl bromide : 



CHa 



Br 



+ CH8Br + 2Na = 



CHa 



+2NaBr 



CHj 



The same result is obtained by means of the Fricdel 
and Crafts reaction (169), by means of which all of the 
hydrogens of the benzene nucleus have been successively 
replaced by methyl groups. 

Ortho-, meta-, and para-xylenes can yield by oxidation 
either monobasic o-, m-, and p-toluic acids, or the three 
corresponding dibasic acids : 

COOH COOH 

/\ COOH /\ /\ 



\/ 



COOH 



\/ 



COOH 



Phthalic acid 



COOH 

Teraphthalic acid 



Isophthalic acid 

Phthalic acid when heated loses a molecule of water, 
forming an anhydride. This is employed extensively in 
the preparation of dyes. 

172. Mesitylene, symmetrical trimethyl benzene, 
C6H3(CH3)3, is formed by methods analogous to the for- 
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mation of xylene (171), and also by the polymerization of 
acetone in the presence of strong sulphlu'ic acid : 



CHa 





1 
C 





/ 




H— C 


Ha 




H2 











CHr-C 
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XI2 



CH, 



C— H 



C 

/\ 
H— C C— H 



C— CH, 



CH,— C C— CH,+3H,0 
C 



H 



H 



Another class of hydrocarbons is known in which two 
or three phenyl groups replace as many hydrogen atoms 
in the methane group : 



C«Hs — CH, 

Toluene 

or 

phenyl methane 



CeHsV 

CH2 

Diphenyl methane 



CeHsV 
CeHe — CH 
CsH^/ 

Triphenyl methane 



Diphenyl methane is formed by the interaction of 
benzyl chloride with benzene by the Friedel and Crafts 
reaction. 

Triphenyl methane is prepared in large quantities in 
the dye industry from chloroform, CHCI3, and benzene, 
likewise by the Friedel and Crafts reaction (169). 

173. Cymene, or methyl-p-isopropyl benzene, occurs 
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Benzene is not acted iqioii diietUi bv icMfine, but 
iodo benzene am be preparal £rom aidfine bv tbe diazo 
reaction (177). 

The halogen derivatives of benzene are more staUe 
than the alij^tie halogen compounds. The halogen is 
not repUceaUe by other groups^ as hydiozyl, etc 

174. mtrobenzene is produced when concentrated 
nitric acid acts upon benzene. This action is in marked 
contrastto the behavior of the ahi^iatic compounds, which 
cannot be directly nitrated. 



+HNQi = 



V 



\/ 



— NQ, 



+ H^ 



Nitrobenzene is a yellowish oily liquid, which crystal- 
lizes when cooled and melts at 3^. It boils without decom- 
position at 210^. It has the odor of bitter almonds and 
is employed as a scent for soap. It is but slightly soluble 
in water, but dissolves in alcohol and ether and in con- 
centrated sulphuric acid. From the latter solution it is 
precipitated unchanged on dilution with water. Nitro- 
benzene is prepared on a large scale for the manufacture 
of aniline. 

176. Anilme, CeH^NHj, aminobenzene, results from the 
action of nascent hydrogen on nitrobenzene : 



+ 6H = 



\/\ 



+ 2Hrf) 



NO, 



\/\ 

Aniline 



NB 



2 
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The salts of benzene sulphonie acid when fused with 
sodium hydroxide are decomposed into the metaUic de- 
rivative of phenyl alcohol or phenol : 

CeHfi— SQ3H + 2 NaOH = CeHjONa + Na^SQ, + H2O 

179. Phenol, or carbolic add, is obtained by the 

action of acids on the sodium phenolate produced by 

the decomposition of benzene sulphonie acid by fu- 
sion with alkaUes. 



+ HC1 = 

Sodium phenate I^nol 



+ NaCl 



Phenol is present in coal tar and is obtained in the dis- 
tillation of the latter. It is separated from hydrocarbons 
and basic compoimds by the solubility of its sodiiun com- 
poimd in water. Sodium phenolate or phenate is readily 
formed in» aqueous solutions of sodium hydroxide. In 
this respect phenol shows properties markedly different 
from the alcohols of the aliphatic series. These are 
neutral in reaction and form metallic derivatives, the 
alcoholates, only in non-aqueous solutions and with the 
alkali metals. Phenol, while chemically a tertiary alco- 
hol, has distinctly acid properties. It is not a sufficiently 
strong acid to react with carbonates, however, and while, 
e.g., sodium phenolate is stable to water, it is decomposed 
by carbon dioxide. 

As an alcohol phenol forms esters, but these are not 
readily fonned by the direct heating of phenol with an 
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acid. They are easily formed by the action of acid 
chlorides upon phenol or its salts : 

/\ /\ 

+ CHs-CO-Cl = +HC1 

Acetyl chloride I I 

\/X)H ^/xXK;— CHs 

Phenol Phenol acetate 

180. Phenol Sulphuric Acid, also called phenyl sul- 
phuric acid, is formed in the animal body by the union 
of phenol with sulphuric acid. Since phenol is a product 
of the putrefaction of proteins by bacteria in the intes- 
tine, it is regularly absorbed to some extent. Phenyl 
sulphuric acid is therefore a regular constituent of the 
urine, and its amount depends upon the extent to which 
putrefaction goes on in the alimentary canal : 

A A 

or CcHfiO— SQsH 

181. Phenol Sulphonic Acids. On dissolving phenol 
in concentrated sulphuric acid the sulphonic acid group 
is readily introduced into the benzene nucleus and phenol 
sulphonic dcids are formed. The o- and p- derivatives 
are thus obtained. When two sulphonyl groups are 
introduced into benzene they take the meta position and 
on fusion with potassium hydroxide one is replaced by 
hydroxyl, forming m-phenol sulphonic acid. 
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182. Phenol Ethers. Phenol also forms ethers, but 
not readily by the direct action of phenol with an alcohol. 
They are easily produced by the action of alkyl iodides 
upon the phenolates (also called phenates) : 



+ CH3I = 



+ NaI 



Phenol when piu'e is a colorless crystalline compound 
which is very deliquescent and turns pink on contact with 
the light and air. It is volatile with steam, melts at 
42°, and boils at 182°. Its specific gravity at is 1.084°. 
Its odor is characteristic, and it is highly toxic and cor- 
rosive, the latter action being due to its great aflBnity 
for water. One part of phenol dissolves in fifteen parts of 
water. It is mnch more soluble in alcohol. It is an excel- 
lent antiseptic. 

Phenol can be formed by the direct oxidation of benzene 
in the presence of palladiimi black or aluminum chloride. 

Like aniline, phenol is readily brominated. When 
bromine water is add^ to a solution of phenol, symmetri- 
cal tribrom phenol, a very insoluble compound, crystallizes 
out. This compound has served for the quantitative 
estimation of phenol. Phenol in water gives a violet 
coloration on adding a few drops of a solution of ferric 

chloride. 

<CH3 
. There are three homologues 
OH 

of phenol, the o-, m-, and p-, methyl phenols or cresols. 
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They all occur in the distillate from coal tar. They 
possess antiseptic properties and are much employed in 
disinfection. When pure they are crystalline solids. 
6-cresol melts at 31°, the m- and p-cresols at 5° and 
36° respectively. Like phenol they give a coloration 
with ferric chloride and are readily brominated and 
nitrated. 

184. Picric Acid. Nitric acid acts energetically on 
phenol, forming symmetrical trinitro phenol, or picric 
acid. The latter compound is also formed by the ac- 
tion of nitric acid upon various substances containing 
proteins, since the phenyl and phenol groups are con- 
tained in two of the amino acids foimd in nature, viz. 
phenyl alanine and tyrosine. Picric acid is a bright 
yellow crystalline substance of strongly acid character. 
The introduction of negative groups, as halogens, or 
nitro groups, into phenol increases its acid character, 
while the introduction of basic groups, as NH2, de- 
presses the acid character. 

Picric acid forms readily crystallizing salts of slight 
solubility with many natural bases and is of great impor- 
tance in the isolation and purification of these. It melts 
at 122° and can be sublimed without decomposition, 
but is explosive, owing to the large amount of oxygen 
contained within its molecule, which makes possible its 
complete and sudden self-oxidation. The salts of picric 
acid are much more explosive, decomposing with violence 
when heated or struck. 

186. Tyrosine, a-amino, j8-oxyphenyl propionic acid, 
or paroroxyphenyl alanine: 
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OH 



Y 



ch2-<:h-<:ooh 



NH2 

is a constituent of many proteins, and was first isolated by 
Liebig in 1846. It is set free from its union with other 
amino acids duriQg the digestion of the proteins, and is 
also formed by boiling proteins with mineral acids. It is 
not present in gelatiQ, and the best yield is obtained from 
the hydrolysis of silk. With the other amino acids it is 
always present in the blood in minute amounts. Tyrosine 
is a colorless compound forming long silky needles which 
are but slightly soluble in cold water, but more easily in 
hot. Dilute acids or alkalies dissolve it, and on neutraliz- 
ing the solutions, it crystallizes out. It gives a red color 
with a solution of mercuric nitrate in nitric acid, containing 
some nitrous acid. This is the MiUons reaction, which 
has long served as a qualitative test for proteins. Gela- 
tin when pure does not respond to this test. This color 
reaction is also given by phenol and other phenyl deriva- 
tives containing a hydroxyl group attached to the benzene 
nucleus. 

Tyrosine is apparently one of the amino acids which is 

indispensable from the diet. On being acted upon by 

anaerobic bacteria the alanine complex is removed and 

phenol formed. Tyrosine is the source of the phenol 

2b 
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«ii in the intestine. The 
Liustrated by the following : 

OH 



-CO2 

> 




: V n-cooii Clio— CH2X1I2 

TjTamine 

y- » y p-oxyphenyl- 

>> 1 12 ethylamiue 

"; -.-siae 
^ .:--^^xj-phenyl- 
i-.'^-MCcio acid 



30 

— >■ 



OH 



Phenol 



rv..*: ::' the power of bacteria 

: M-rwyl group in a manner 

... t:«; carboxylase on pyruvic 

■•'■■^ J"'"? from amino acids as 

, , .:. .niif.v.o side chains. 

.0): 
■ n ,orp-oxyphe- 

Vr ■(^n2-XH2 
■I siihstanro of mild toxicity occurring 
Poses of 1 -- mg- injected intra- 



tnix-tiires 



The Aromatic Compounds 



371 



venously cause a sudden and pronounced rise in blood 
pressure which soon passes away. The absorption of this 
compoimd from the intestine is possibly in part respon- 
sible for high blood pressure in certain individuals. 

187. Dihydroxy Benzenes. — The three dihydroxy ben- 
zenes occur among natiu*al products : 

OH OH OH 

/NOH /\ /\ 



\/ 



Ortho- 

Pyrocatechin 

or catechol 



Meta- 
Beaorcinol 



v 

OH 



Para- 
Hydioquinone or quinol 



• 188. Pyrocatechin, o-dihydroxy benzene, C6H4(OH)2, is 
obtained by fusing o-phenol sulphonic acid with potassium 
hydroxide : 

OH OH 

^N— SQjH+KOH r^^OH 



\/ 



+ KHSQ, 



\/ 



• It is a colorless crystalline compoimd melting at 104°. 
It occurs in the resin catechu and in beech wood tar. 

189. Guiacol and Veratrol are the monomethyl and 
the dimethyl ethers respectively of pyrocatechin. 

OH OCH3 

/N0CH3 ^^' 



Guiacol 



OCHs 



Veratrol 



» ■ 



.ri::s of 
.• .::«! the 

• riitures. ^ a 
: .Its at US'" ^ 
:- not been iO 

. . ^ 

•diethyl resorcl ^^ 
:: :ertain mosses, 
••rparation of the d;^'^ 

'enzene, C6H4(OH)2 
videly distributed in 
rystalline and melts 
. .-rdinary solvents, 
"cdation of aniline 



to 

ana 

acid 

amni< ... , 

--rellmg substance, 

j^gg -. -Me in hot water 

:::ed into hydro- 

nvl-eth\ — ^ g^l^J^'^ yellow 

» • 

in putrelV. 
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^^ TRIHYDROXY BENZENES 

isW^^^ganol: h2,dirikudroxy betatne, C,H,(OH)a, 
^ l>y the distillation of gaUic add (212). 

^^2(OH)3-<;OOH = CtH,(OH)a + CQi 

• ^^^ salts absorb oi^'gen readily, and its solution 

^*^^Um hydroxide is employed in gas analysis for this 
, ^Pose. The compound is oxidized and carbon monoxide 

^^^rated as one of the decomposition products. It is 
^ployed as a developer in photography. 

194. Phlorog^iicin, 1,3, 5 ^nAyrfitxzy 6en2fw, CeHaCOH)^, 
^ prepared by the oxidation of resorcinol. It crys- 
^^^Uizes from water, and melts at 217**. It gives a 
Wue violet color with ferric chloride. 

196. Inosite, CeHisOc, occurs in nature in seva^l isomeric 
forms. It is a derivative of the reduced benzene ring, 
hexamethylene, and is hexahydroxy benzene : 

CHOH 

/\ 
HOHC CHOH 

I I 
HOHC CHOH 

CHOH 

Inosite is found in heart muscle, in the brain, and is 
widely distributed in plants, especially in beans and peas 
in the unripe state. Its hexaphosphoric acid ester is 
called phytic acid, and is present in considerable amount 
in wheat bran and is a common constituent of plants. 
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196. Thymol and Carvacrol are naturally occurring 
wutkyl-uopropyl phenols. They are derivatives of cymene. 



CH, 

A 
Y 

CH 

/\ 
CH, CH, 



CH« 

A 



CH, 

A 



Y 



OH 



CH 

/\ 
CH, CH, 

Thymol 



Y 



OH 



CH 

CH3 CH3 

CarvBOfol 



ThjTnol and carvacrol are found in many plants. 
They have a verj- pleasant mint-like odor and possess 
mikl antiseptic action. 

19T. Ptotocatechuic Acid^ catechol carboxylic acid, re- 
sults from the fusion of many resins with alkali. It is 
r«adil\' soluble in water and melts at 199^. 

19& Vwatric Acid, Vanillin^ and Coniferyl Alcohol. — 



OCH, 




OCH3 



OH 



OCH, 



Y 

CH=CH— CH2OH 

Coniferyl alcohol 



Y 

■ ef^Jiitic acid* the dimethyl ester of protocatechuic acid, 
xv\*4 V .u the sij^jda of Veratrum Sabadilla. 

UK^i«4 i^ tW subetance giving the pleasant odor to 
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the vaniDa bean. It is obtuned by the axidatkm oS 
conif eryl alocdioL 

Conifer^ alcohol occms m ccMuferin, a g^oooside found 
in the camhhnn sap oi aQ ocMiifene and in othor |Jants. 

O-CJinQs 



A 
Y 



OCIU 



CH=CH— CftOH 



199. Homogentisic/^iiio/ acetic acid, is a constituent 
of the urine in a type of abnormal metabolism known as 
alkaptonuria. The mHmal animal body is capable of 
the complete oxidation of the benzene ring when it is 
introduced in the fcMin of t>Tosine or phenyl alanine, 
but there is an anomaly of metabolism in which the later 
steps in the process f aiL The mode of formation of homo- 
gentisic add from ^iDsine is probably as follows : 

OH OH OH 

/\ /\ /\ 



Y 

CH, 

I 
CHNH, 



Y 

CH, 




-NH, 
+0 



COOH 



CO +0 
I -COz 

COOH 

pyruneacid 



OH 



CHi 

I 
COOH 

Homogentiaio 
acid 
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196. Thymol and Carvacrol are nati; 
methyl'isopropyl phenols. They are deri\ 




CHs 

A 



v 

CH 

/\ 
CHs 



OH 



Th? 



Thymol and carvacr 
They have a very ple.i 
mild antiseptic action. 

197. Protocatechui 
suits from the fusic 
readily soluble in v 

198. Veratric/ 



OCH, 



r 




OOH 

Ventrieadd 

Veratric 
occm^in t 
Vanittii 






.. glands, and one of 

rinical regulators of 

... sjTithetically by the 

\ 

rftCl + HNHCH, 

^jipgi«i|o-»teohol+Methyl amine 

OH 
NOH 




CHOH 
CH«-NH-€H8 

Adrenin 
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'n'tic product is optically inactive, but has 

kved into its optical components. The natural 

levorotatory and greatly surpasses the dextro 

physiological activity. Adrenin produces a 

rise of blood pressiu'e through a constriction of 

vessels. 
Benzoic Acid, CeHsCOOH, is formed by the oxi- 
tion of toluol and its homologues containing longer 
i'le chains. It is found in gum benzoin, and other resins. 
In gum benzoin it is present chiefly as its ester, with 
benzyl alcohol as benzoate. It occiu's also in cranberries. 
Benzoic acid is formed from benzotrichloride by boil- 
ing with water. The behavior of the three chlor toluenes 
in which the chlorine is in the side chain, when boiled with 
water, is of synthetic interest: 

CeHfi— CH2CI+HOH =C6H5— CH2OH+HCI 

Benzyl chloride Benzyl aloohol 

CeHs— CHClj + 2 HOH = CjHb— CHO + 2 HCl 

Bensal chloride Bensaldehyde 

CsHb— CCI3 + 3 HOH = CeHr-COOH + 3 HCl 

Benxotrichloride Bensoic acid 

Benzoic acid results from the oxidation of either benzal- 
dehyde or of benzyl alcohol with benzaldehyde as an inter- 
mediate product. The acid can also be formed by the 
hydrolysis of phenyl nitrile (177). 

Benzoic acid has all the ordinary properties of an acid, 
forming 3alts, esters, etc. It is a colorless crystalline 
compound which is fairly readily soluble in hot water, 
but very slightly soluble in cold (1 part in 400). 



J, ^ ^T ^KaHl, ■■■^"'^=T* 



» I I I I ^ I I 



» 



i 

« 



» .- 






1 t 



.- LUlie 



tl expen 
, ^ : i.»f 5\Tithesi 



CO ti^^i^lb koUviMs. 

[ ^^f^'^-^JBm^ bot is pit 

h ihiw i rou s an 
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'n -ix;ik:n£ an alcholic solution of benzaldehyde with 

x^^aa-sum jy-Auide two molecules condense to form the 

xcvi'iw .liojhol benzoin. Benzaldehyde jdelds nitro 

cct»:ictxfts. <uIphonic acids, etc. o-nitrobenzaldehyde 

• .uueit^es -vich acetone to form indigo blue. 

PHENYL FATTY ACIDS 

^iMk ?lto9iiyi Acetic Acid is formed in small amoimts in 
^^a^iacuufi of proteins. It is closely related to mandelic 
i^ici, iitr riitrile of which occurs in amygdalin: 

CJrUCHs-COOH CcHfiCHOH— GOOH 

'*iMu> ufti?Mic acid Mandelic acid 

:s iiitrile is formed from benzyl chloride by the action 
I 'i;i.;te<»iLUU cyanide: 

^ .1 U^mCl +KCN = C6H5CH2CN +KC1 

nM^ VlMti^i Amino Propionic Acid, CeHs— CHj— 
^ V '^.K^tl, .*r '.hkmyl alanine, is a constant constituent 

. V wv. V..JV 'w^i ^Hitref action it gives rise to phenyl 

Mi, 

- C*Hs— CHj— CH2— COOH+NH, 

^ ^«v.«viv .!< t»/t w»dily isolated from among the 

vv.rv«}>ii». vrf proteins. The form which 

V <v '«ikw«vwwry. It is crystalline and 
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207. Cmnamic Acid, CeHg— CH=CH— COOH, phe- 
nyl acrylic acid, is found in the resin storax. It is the 
most important phenyl derivative containing an im- 
saturated side chain. A synthesis described by Per- 
kin is of miusual interest. Benzaldehyde condenses with 
sodimn acetate when the two are heated together in the 
presence of a dehydrating agent (acetic anhydride). 



208. SaUcylic Aldehyde, CeH/ . The ortho- 



CgHs— CH IO+H2I CH— COONa 

Benialdehyde Sodium acetate 

= CeHa— CH =CH— COONa 

Alcohol, aldehyde and acid derivatives of phenol are also 
f omid in nature. The first of these is represented by salig- 
enin, which occurs in the glucoside salidn in willow bark. 
It is a crystalline solid easily soluble in water and melting 
at 82*^. The phenol group is in the ortho position. 

yon 

CHO 

compound is foimd in certain volatile oils. 

yon 

.COOH 

pound is of greatest importance. It occurs as the methyl 
ester in oil of wintergreen, and the acid is likewise found in 
the flowers of Spiraea. 
210. Aspirin is acetyl salicylic acid: 

yOn ^.OC— CHs 

CeH*. + CH3 — COCl = CgHv 

\COOH Actyl chloride \COOH 

Salioylio add Acetyl salioylic add 



209. Salicylic Acids. — CgH/^ . The ortho- com- 
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811. Sakd is phenyl salicylate : 

^COOCH, 
OH 
H0/\ 



S12. Gallic Add, 



HO 



\/ 



COOH 



, is found in many 



plantSs as gall nuts, tea, etc. It b formed when tannin is 
k>'drol>'xed. It is a crystalline compoimd melting at 220°. 
It gi^*^ the same reaction with ferric chloride as does 
pyrvigallcil. 
S13« Ttaadc Add, ordigallic acid, 

CO o 

/\ /NOH 



HO 



OH 



OH HOOC 



\y 



OH 



Tumioacid 



fe an cti^ter formed between two molecules of gallic acid. 
It vKVurs in gall nuts> sumach, and other barks. 

SIC Tumins are of several varieties, distinguished by 
the c\>l<* reactimis which they give with various reagents. 
'rhtff^ an* distinguished two general classes, the pyrogallol 
aini the i^atev'hol varieties. The former give a dark blue 
^\4i>r with ferric salts (ink) and the latter a greenish black. 
The latter fonns a dark red ring at the juncture of the 
liquiik when its solutions are treated with concentrated 
sulphuric acid. 
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Tannin on hydrolysis yields 7-8 per cent of glucose, and 

gallic acid. Its constitution has not been determined with 

certainty, but it is in some samples the penta digallic 

ester of glucose : 

CH2O— t 



CHO— t 




CHO— t 



t represents digallic or tannic acid in this formula. One 
of the tannins recently synthesized by Fischer has nearly 
double the molecular weight of the most highly complex 
compoimd hitherto synthesized. 



^^ 






;. xvm 



i\ZESE RINGS 



M^T 



4 '• . 



... < present in considerable 

r.'jcure is made clear by the 

^;:io derivatives on oxidation. 

ieids phthalic acid (171), 

...> i benzene nucleus and two 

.riio position. On oxidizing 

■:::iilic acid is formed. When 

. v an amino group and the 

•.::.ialie acid is formed. The 

.>i>: of two benzene rings hav- 



" VOOH 
v.\X)H 

\ \ 



/N/<\ 



\/X/ 
NO2 

Nitro naphthalene 



+9 

>• 



/\ 






v 



COOH 
COOH 



Phthalic acid 



Naphthalene demvthnes aie GObcoatvfiy cnqdoved m 
the mamif acture at dyes. 

Naphthalene yields tmo mono sabbliUiticm products 
c-and/S-: 




216. Anflinicene,CuB[i«yisf((«nied 
as from «-brom benzyl branide, with sobsequ^it ozidar 
tion: 



/\ 



Br 



+2Xa BrHrC— 



n 



LJ— CHi lBr-h2Xa ^j N/^ 



-2H= 



CHt 



The structure oi an anthracene dmvative is arrived at 
through a study of the structure of its simpler oxidation 
products. 

Anthracene is a constituent of coal tar, and is the mother 
substance of the red dye derived from the madder root. 
It is a coloriess cr^'stalline solid with a blue fluorescence, 
which melts at 213^ and boils at 351°. It is easily soluble 
in benzene but difficultly in water, alcohol, and ether« 
2c 
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CONDENSED BEN'ZENE I 

SIB. Naphthalene, CioHg, is preser 
amount in coal tar. I^ stnicture is 
behavior of its nitro and amino deriv 
Naphthalene on oxidation yields i 
which shows that it contains a beii 
substituting groups in the ortho ]:< 
the nitro compound, nitrophthaUc 
the nitro group b reduced to ai 
napkthyl amiTie oxidized, phthal' 
molecule must therefore con^st i 
ing two carbon atoms in conmio' 



+ 90 



McoohI^ 

NOb N 
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O OH 



. _«.. _=n*aQve; of antiuacene containing 
_ _= »:uiu JuaitioQ to each other are dyes. 

, ^tttoSYL MFTHANE DYES 
^h«.:^A ^ iucnwd by beating benzalde- 
..^.. ■yi'w Aikl a deh>'drating agent 



^ ^N(CH,), 

;^ ^V- N{CH,), 

N:jI,-N(CH,), 




«;]r '^ and wool, but for dyeing 

in dte same way as is mala- 
employed. 
W malachite green except 

ptoluidine and aniline 



H^O H<^^ ^ XH^ 



HjN 




Rosaiiiliiie,/iicinfir, or wui§tnia, is {xcpared 60m a mix- 
ture of p-tohiidiiiey o-t(diudiiiey and aiiiliiie id an analogous 
manner. 

Rosaniline and pararosaniline are reddidi4)Iue dyes and 
can be conv^ted into dyes having a Uu^ tint by meth^da- 
tion with methyl iodide (176). 

Ethylation of the amino groups forms deeper blue dyes, 
while phenylation fonns a pure blue dye known as anUine 
blue. 

Phenolphlhalein is another triphenyl methane derivative 
f onned from phenol and phthalic anhydride : 




Phthalie anhydride 




Hieiiolphthalftin 



6H4OH 

CeH^OH 
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CHAPTER XX 
HETEROCYCLIC COMPOUNDS 

220. Pyrrole, pyrimidines, and imidazoles have beerj 
already described as representing compounds of cycli(j 
structure in which both carbon and nitrogen were present. 
It remains to describe the six-membered ring containing 
five carbon atoms and one nitrogen. The simplest mem- 
ber of this group is pyridine. Neither pyridine nor its 
derivatives play a role in the biological processes of ani- 
mal life as do the heterocyclic compounds mentioned 
above, but it is found widely distributed in plants, espe- 
cially in the alkaloids. Pyridine itself is a highly toxic 
substance. It is represented as follows: 

CH 

HC CH pr P 

II I «' I 

HC CH \y 

\/ N 

N 

Its structure is arrived at by a method for its formation. 
Fentamethylene diamine (74) hydrochloride on dry dis- 
tillation loses a molecule of ammonium chloride with the 
formation of the reduced cyclic structure piperidine which 
on oxidation yields pyridine : 

391 
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yCll2 CH2>^ , , H2C CH2 



Ca<C ^NH H 



\ 



Hj— CH2— NHj HCl 



Pentamethylene-diamine hydrochloride 



H2C CH2 

\/ 

NH 

PSperidine 



CH 

/\ 
_t_of\ HC CH 

i^ II I 

HC CH 

\/ 

N 

Pyridine 

Pyridine and certain of its homologues are present in coal 
tar, and in " Dippel's Oil/' the foul-smelling product of the 
dry distillation of bones. 

Pyridine is a colorless liquid with the odor of tobacco 
smoke. It is a strongly alkaline substance which mixes 
with water in all proportions. It boils at 115°. It is 
one of the most stable of organic substances, being 
unattacked by boiling nitric or chromic acid. With 
sulphuric acid it reacts, forming a sulphonic acid. 
Halogens scarcely attack it. On heating pyridine with 
hydriodic acid at 300° it is destroyed, yielding normal 
))entane and ammonia. 

l^Tidine forms salts with acids. It does not form a 
uitnxso derivative with nitrous acid. 

As a tertiary amine pyridine combines with alkyl halides. 
These show an interesting rearrangement when heated, 
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the alkyl group changing its position from the nitrogen to 
the o-carbon atom. 



+ eH8i = 



N 



/\ 



N 

/\ 
CH, I 

Pyridine methiodide 



CHs 



+ HI 



N 

et-methyl pyridine 



A delicate test for pyridine consists in heating the sub- 
stance to be tested with a few drops of methyl iodide, then 
adding a small quantity of solid potassium hydroxide and 
heating again. Methyl pyridine hydroxide, having an 
extremely disagreeable odor, is formed when pyridine is 
present. 

Piperidine, CsHioNH, is formed by heating the hydro- 
chloride of pentamethylene diamine (74) or by the reduc- 
tion of pyridine with sodium and alcohol. It behaves like 
a secondary amine in forming a nitroso derivative when 
treated with nitrous acid. 

Piperidine occurs as a constituent of the alkaloid piperine 
foimd in pepper. It is a strong base, which boils at 106°. 



H0M0L(3GUES OF PYRIDINE 

The methyl pyridines are known as picolines; the di- 
methyl pyridines, as lutidines; and the trimethyl pyridines, 
as coUidines. Their properties are closely similar to those 
of pyridine. 

221. Nicotinic Acid is the i8-pyridine carboxylic acid : 
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/\ 



/NcOOH 



N 

Pioolmioackl 



COOH 



N 

Niootmie acid 



COOH 



N 

Isoniootiiue acid 



Nicotinic acid is derived from the alkaloid nicotine by 
oxidation. 

Picolinic acid is distinguished from the other isomeric 
acids by its property of giving a red color with ferrous 
sulphate. 

Quinoliiiic Acid is an o-^-dicarboxy {)yridine. At 190^ 



/\ 



COOH 
COOH 



N 

Quinolmio acid 

it loses carbon dioxide and is converted into nicotinic acid. 
222. Quinoline is a compound containing a benzene ring 
condensed with a pyridine ring : 



/\/\ 



N 

Quinoline 



/\y\ 



laoquinoline 



N 



Both isomers occur in coal tar, but quinoline is usually 
prepared by synthesis. Its structure is made clear by its. 
synthesis from allyl aniline by oxidation : 
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/\ 



Anilhw 

CH, 

/\ X 

CH 



+ OHC-€H=CH, 

AUylmldehyde 



/\/\ 



+ 



CH 



N 



+ H,0 



N 



and further by the fact that jquinoline jnelds on oxidation 
quinolinic acid : 



/h/\ 



HOOC 
HOOC 



/\ 



N 



N 



It is a colorless liquid of an oily consistency which boils 
at 239° and has a characteristic rather pleasant smell. 

Isoquinoline closely resembles quinoline, but is a solid 
which melts at 23° and boils at 241°. 

Both quinoline and isoquinoline are constituents of 
alkaloids. 

INDOLE AND ITS DERIVATIVES 

223. Indole is a compoimd which contains a condensed 
benzene and a pyrole ring, the two having two ortho- car- 
bon atoms in common. It is found in coal tar and is a 
constituent of one of the important amino acids contained 
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-.ftUiiiu nsmdelic acid is converted by the 
itter :icu tiioxindolej from which by \agor- 
- ixjktt ^ runoed : 



ok: 



J 



CHOH 



/\ 



\ 



AO 
NH 



-20 

► 



NH 

Indole 



<:;h 

II 

CH 



^^.UAiutr ^uid melts at 52°. It has a fecal-like 
,«^fi vica 5ceam. It is soluble in various 



vLUch gives the red color with sul- 
^•^vv^' ^'i*i (Hopkins and Cole's re- 
E^vKRsde of many proteins. 

Scatole, is found in putrefaction 
it results from tryptophane. 



V 



<:h. 



NH 



$. in Isatb tinctoria as a glucoside. 
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/\ 



OH 



NH 

This is hydrolyzed by an- enzyme in the plant and 
the free indoxyl undergoes oxidation to the blue dye 
indigo, Indoxyl is a product of the putrefaction of trypto- 
phane and is formed in the intestine from proteins and 
being absorbed is eliminated in the urine, principally as 
indoxyl sulphiu'ic acid, which is analogous to phenol sul- 
phiu-ic acid (180) in its constitution. The formation of 
indigo is the basis of the indican reaction of urine. 



226 


Indigo: 


/\ 


— C— OH HO— C 1 
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CH HC 



NH 



NH 



2 Indoxyl 



/\ 



CO oc 



/\ 



NH NH 

Indigo blue 

Indigo white is a reduction product of indigo blue : 
/ \ rnvi vinr / \ 



COH HOC 



NH 



Indigo white 



NH 
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^ Tryptophane^ or «-amino, /8-indoIe propionic acid^ is 

/\ ^ — ch,-<:h-<:ooh 

I 

NH, 



NH 

a constituent of many proteins. It is the complex which 
p\"es Adamkiewic's reaction for proteins (Hopkins-Cole 
Inaction). 

It is a colorless crystalline compound readily soluble in 
hot water, but diflBcultly soluble in cold. Insoluble in 
absolute alcohol and in ether. It is soluble in hot pyridine. 
It mrfts at 252® after becoming brown at 240°. It is a 
w^^ base and forms salts with acids. Some of its acyl 
deri^'at^^'es formed by the action of acid chlorides are of 
experimental value because of their properties. Trypto- 
piiane is destroyed in the hydrolysis of proteins by mineral 
acids, but is stable to barium hydrate. 

TrjT)tophane gives a red color when a trace of bromine 
is added to its solutions acid with acetic acid. With con- 
centrated sulphuric acid and glyoxylic acid it gives a 
reddish violet color. 

Persons suffering from melanotic tumor excrete a pig- 
nMited substance called melanin in the urine. It has 
been rendered highly probable, that the tryptophane 
v\4uplex iu the protein molecule is the chief precursor of 
UH'Iaiuu iu su(^ subjects. 

'I1ie UK^re important products resulting from trypto- 
phane iu biological processes are represented by the fol- 
lowing transformations: 
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CHOH 



CH, 



^ ..c .-.xeietoc illustrated and a union between 

^c- - iiAU >. yiriene consists of a six-membered 

-*-.^^jt:ft:u 'Muc- Borned is believed to have a 

,^ ^ '^ c^u ', ii^Tng the fonnula shown above. 

« lUtfC constituent of turpentine from 

■ 4iu Jrwce. while that from France and 

;^r*iiec4 is found in the product from 




from the camphor tree. It 
<«iM«i!e by oxidation. It differs from 
,*, '«ccQe group. 

»n? closely related to the ter- 
/«e<w6ie the hard fats in their phys- 
. jdfcr rcom these in their remarkable 
j^jfii/llJSfiXi. Micro-organisms do not 
'*C W*^ ^^ ^^ formed in everj' cell 
^ -mft diey play an important role 
)} Mkson of their peculiar physi- 
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cal properties. The structure of cholesterol is not entirely 
known, but Windaus assigns to it the following partial 
provisional constitution : 

CHrv 

^CH — CHj — CH2 — C11H17 

CH CH 

H,C CH CH— CH, 



HjC CH2 CH 

\y II 

CHOH CH, 

The nature of the complex C11H17 is entirely unknown. 
The properties of cholesterol have already been described 
(99). 
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THE ALKALOIDS 

The tenn alkaloid now includes those basic substances 
occurring in plants which are derived from pyridine, 
quinoline, isoquinoline, tropaine, or pyrrolidine. 

230. Piperine, CnHigNQj, is a derivative of pyridine. 
On hydrolysis it yields piperidine and an acid, piperic acid, 
which may be regarded as the methylene ester of cinnn- 
menylacrylic acid : 




H =CH— CH =CH—CO OH +H 



1. 



J 



N 
HjC/NcH, 



Methylene cinnameiiyl group Acrylic acid gtoxsQ 



H2CL JCRt 
CHj 

Piperidine 

Piperine is a white solid substance melting at 128®. It 
does not dissolve in water, but is soluble in alcohol and 
ether. Black pepper contains about 8 per cent of this 
alkaloid. 

231. Coniine, CgHnN, is the poisonous principle of 
the hemlock. It is dextrorotatory a-n-propylpiperidine. 
It is a strong base which distills with steam when the seeds 
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of hemlock are distilled with sodium hydroxide. It was 
the first of the alkaloids to be synthesized. The steps 
by which Ladenburg accomplished this are as follows : 

/\ /\ /\ 



CHal 



N 



Heat 



N 

/\ 
CHa I 

Pyridine methiodide 



N 



— CHs 



o-methyl pyridine 
(a-piooline) 



OHC— CH 



/\ 



3 



— CH=CH-€H, 



o-ollyl pjrridine 



(acetaldehyde) k / 

N 

CHj 
/\ 

+6H^^y CH, 

*■ HsC CH-CHj— CH2— CHs 

\^ 

N 

a^ropyl-piperidine (ooniine) 

232. Nicotine^ C10H14N3, contains both a piperidine and 
a pyrrolidine ring. It is a colorless oily substance which 

CH2 H2C — CH2 

/\ II 

H2C CH CH CH2 

I I \y 

H2C CH2 N 

\/ 
NH 



CH, 



408 Organic Chemistry for Students of Medicine 

boils at 247^ and has an unpleasant smell and an ex- 
tremely burning taste. Naturally occurring nicotine is 
levorotatory. The synthetic product is inactive, and 
d-nicotine has been prepared from it and from the natural 
product after racemization. The physiological eflfects of 
the natural form are twice as pronounced as are those of 
the optical isomer d-nicotine. It is extremely poisonous. 

The alkaloids are not found generally distributed in 
plants, but certain ones are produced only by particular 
plant groups. The formation of pyrrolidine from tetra- 
methylene diamine (117) and piperidine from pentamethyl- 
ene diamine (320) give a due to their mode of formation 
in the metabolism of the plant. These are formed from 
ornithine and lysine respectively, both of which amino 
acids occur in the course of protein decomposition. The 
formation of alkaloids is doubtless closely associated with 
the protein metabolism of the plant. 

233. Hygrine, an alkaloid found in coca leaves, is 
/8-acetyl-N-methyl pyrrolidine : 

HjC— CH— CO-€H, 



\/ 

N 



CH, 

234. Atropine and Hyoscyamine differ chemically only 
in respect to their optical properties, the former being 
the d,l- and the latter the 1-hyoscyamine. Atropine is 
found in the deadly nightshade and in henbane, and 
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hyoscyamine in the Jamestown weed, Datura stramonium. 
It is a white crystalline substance melting at 115°, 
readily soluble in alcohol, ether, and chloroform, but 
sparingly soluble in water. It is one of the most poisonous 
substances known. 

On hydrolysis atropine yields tropic acid and tropine. 
Tropic acid has been shown to be a-phenyl-/8-hydroxy 
propionic add: CH2OH 



CH — CeHs 



COOH 

/ 

Tropine is made up of two condensed rings, one with 
five members, the other with six, a nitrogen atom serving as 
a " bridge." 

H2C CH CH2 



N— CHs CHOH 



H,C 



<:h 



c:h. 



Tropine 

HiC- 



<:h- 



<:h— COOH 



N— CHj 



CHOH 



H,C 



■CH, 



CH 

EcgoQiiie 

Atropine is the ester of tropic acid with the secondary 
alcohol tropine. 

236. Cocaine, C17H21NO4, is an alkaloid in coca leaves. 
It is crystalline and melts at 98°. On hydrolysis it yields 
methyl alcohol, benzoic acid, and ecgonine. Its formula is : 
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H2C CH BC—COOCIk 

S—dU CH— OOC— C«H» 

I I 

JUC CH CBt 

236. Chkbooiae, Ci JlssNiOt present with qwmme m 
cinchona bark, yklda cinchonk acid or qnmcJnie car- 
boxylic acid and a piperidine derhratiye. 

The structure of quinine is similar but is not known with 
certainty. It yields both quinoline and pyridine deriva- 
tives on hydrolysis. 

237. Strychnme, C21H22N2Q2 ; Bmcine, CzaKiNiQi, and 
Cttrarine are all present in the seeds of Stryeinot mix 
wmica and other plants of that family. They are all 
extremely poisonous. Strychnine yields both quinoline 
and indol on fusion with alkalies. The constitution of 
these alkaloids is not known. 

238. Morphine, Ci7Hi9NQg, occurs in the juice of the 
poppy. There are a number of other alkaloids in the plant. 
Opium is the dried juice of the seed capsule of Papatxr 
somniferum, a variety of poppy. It contains other alka- 
loids as well as a large number of substances such as fats, 
resins, proteins, sugars, inorganic salts, etc. 

239. Papaverine, Narcotine, Narceine, Laudanosine, 
are all found in opium along with morphine. They are 
derivatives of isoquinoline. 



CHAPTER XXIII 

ORGANIC ARSENIC COMPOUNDS 

240. Cacodylic acid, (CH3)2AsO— OH. This organic 
arsenic derivative is formed when potassium acetate is 
distilled with arsenic trioxide. The principal reaction is 
represented by the following equation: 

AS2Q8 + 4CH3— COOK 

= (GH3)2=As— O— As=(CH3)2 + 2 KgCOs + 2 CO2 

Caoodyl oxide 

The distillate is an oily liquid with an overpowering 
odor and extremely poisonous properties. The radical 
— ^As(CH3)2 corresponds to — N(CH3)2. In the distillate 
is also a substance called cacodyl : 

(CH3)2=AS— AS=(CH3)2 
Cacodyl 

Cacodyl and its homologues are analogous to the sub- 
stituted hydrazines R2=N — N=R2. 

Cacodyl oxide when treated with hydrochloric acid 
yields cacodyl chloride : 

(CH3)2=As-0— As=(CH3)2 + HCl =2(CH3)2As— CI 

Both cacodyl and cacodyl oxide are converted into caco- 
dylic acid by oxidation. The most important salt is the 
sodium salt, which has been much used in medicine. It 
corresponds to the formula 

(CH3)2AsO-ONa +3 H2O 
411 
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This salt is a white erystalline powder which dissolves 
readily in watn*. It is much less poisonous than are the 
salts c^ arsenious acid. 

841. Arrfaenal, sodium methyl arsenate, 

CH,— AsO(OXa)2, 

is formed by the action of methyl iodide on sodium arsenate 
in alkaline solution : 

/ONa yCHt 

0=As^Na+CHJ = 0«As^Na+NaIO 
\OXa \ONa 

The great stability of these arsenic derivatives containing 
aliphatic radicals, and the correspondingly slight arsenical 
e£Fect which follows their administration, has led to the 
substitution in great measure of aromatic arsenic com- 
pounds in medicine. 

242. Atozyl, sodium p-amino-phenylrarsenaie, is formed 
when aniline and arsenic acid are heated together. As an 
intermediate product, aniline arsenate, is formed : 

Am 

C6H5NH2 + As(OH),=C6H6NH3-OA^=0 

Anilin araenate \vOH 

/OH 
NHj— CJItA^O 

\OH 

p-amino-phenyl-anenio add 

/ONa 
Acetyl atoxyl, CH3 — CO — NH — CjH* — ^As=0 , is also 

\0H 

Acetyl atoxyl 

employed as a compound for the slow administration 
of arsenic in medicine. 
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Salvarsan, an arsenic compound having a peculiar 
specific toxic effect upon the protozoa causing syphilis, is 
one of the most valuble remedies yet discovered. It is 
p-dihydroxy-m-diamino-arseno-benzene. The following 
reactions illustrate its preparation : 

NH2 NH2 

no/ S As = As/ ^OH 



,^3ab = A,<~> 



p-dihydroxy-m-diaiiuno-aneoo-beiiiene 

On heating phenol with arsenic acid, condensation takes 
place at the para position : 

ho/ Nh + HO— As=0 

\)H 

yOH 

= Ho/~~\as=0 +H2O 

\)H 

I^-phenoI arsenic add 

On nitration this yields a nitro derivative having the 
— ^N02 group in the o- position to the — OH. On 
complete reduction of this compound the nitro group is 
converted into an amino group and the oxygen is removed 
fromtbe arsenic acid group, the two residues are condensed : 

NO2 yOH 

2 ho/ \As=0 +20 H 

^-^ \0H 

NH2 NH2 

= ho/ Nas=As/ \)H + 10 H2O 
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Salvarsan is a derivative of arseno4)eiizeiie, 

C^r-As = As— C A 
whidi is analogous to azo boizeiie : C«Hc — ^X^N — CsHt. 



CHAPTER XXIV 

THE PROTEINS 

243. The proteins form a very important group of sub- 
stances which constitute the greater part of the solids of 
animal tissues and are present in all tissues of both animal 
and plant origin. The white of egg, silk, hair, nails, and 
casein, the part of milk which is separated in curdling, 
are typical examples of proteins. 

Chemically the proteins are made up of amino acids ; 
seventeen of these, glycocoU, alanine, valine, leucine and 
isoleucine, phenylalanine, tyrosine, serine, cystine, pro- 
line, oxyproline, aspartic acid, glutaminic acid, arginine, 
lysine, histidine, and tryptophane have been isolated and 
identified. These have all been described in this book. 
It is possible that there are others as yet unidentified. 

The proteins differ most widely in their physical 
properties, some being soluble in water (albumins), others 
insoluble in water, but soluble in dilute salt solutions 
(globulins), others insoluble in both these solvents, but 
soluble in dilute acids or alkalies (glutelins). There is a 
class called prolamines, which are especially abundant in 
wheat, rye, barley, and maize, which are insoluble in 
water or salt solutions, but dissolve readily in 70-80 per 
cent alcohol. 

Nearly all proteins contain sulphur, and a few also contain 

phosphorus ; the latter occurs only in milk and in eggs. 

415 
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244. The amino acids, which are found as constituents 
of the proteins which form the most prominent constitu- 
ents of both plants and animals, have been described in 
their proper relation to other compounds, but may be 
here grouped together for comparison and contrast. 

Alq^hatic amino adds : 

GlycocoU or glycine, aminoacetic add (63). 

CH,— COOH 

Alanine or a-aminopropionic add (69). 

CHr-CH— COOH 

Valine or aminoiaovaierianic add (73). 

CH,v 

>CH— CH— COOH 

ch/ I 

NHs 

Leudne or a-aminoisabuiyl acetic add (76). 

CHj>. 

>CH— CH2-€H-€00H 
CH,/ 



NH, 



t 



Isoleudne or a-amino-fi-ethyUndyric add (76). 



CHs- 

CH— CH— COOH 



C2XI6 

NH2 
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Derivatives of alanine : 

Serine or fi-hydroxy-Or-amirioprcypiordc acid (69). 
CH2— CH— COOH 



OH NH2 

Cystine or di-fi4hio-a^minopropionic acid (69). 
CH2 S S CH2 



CH— NH, CH— NH, 

I • I 

COOH COOH 



On hydrolysis this acid is transformed into two mole- 
cules of cysteine. 

CH2SH 



CH— NH, 

I 
COOH 

Phenylalanine or fi-phenyl^a-aminopropionic add (206). 
C«Hs— CH,— CH— COOH 



NH, 



Tyrosine, or a,-amino, fi-oxyphenyl propionic acid or 
paraoxyphenyl alanine (186, 199). 

HO-CeHi- CH,— CH— COOH 



NH, 
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Tryptophane, or fi-indfde-a-aminopropiomc acid (227). 
CH 

HC C— C— CH,— CH— COOH 

I II II I 

HC C CH NH, 

v/\/ 

CH NH 



Histidine, or fi-imtdaxolyl-a^amirwpropionic add (138). 
CH=C— CHj— CH— COOH 



N NH NH, 

CH 



Diamino acids : >> 

Lysine, or a- e- diamino-caproic add (74). 

CH,— CH,— CH,— CH,— CH-COOH 



NH, NH, 



Arginine, or a-amino-B-guanidine-nalerianic add (62). 

/NH, 
HN=C< 

-^NH— CH,— CH,— CH,— CH— COOH 



NH, 
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Dflmsic adds : 

AsparHc acid or aminosuccmic acid (104). 

COOH 



CH, 

I 

CH— NHj 

I 
COOH 

jBlvtamic, ghctaminic, or a-aminoghUaric acid (106). 

COOH 



CH2 

I 
CH2 

I 
CH— NH, 

I 
COOH 

Proline, or ct-^rrolidine-carboxylic acid (118). 

CH2 — CH2 



CHs CH— COOH 

\/ 
NH 

Oxyproline or ^xy-a-pyrrolidine-carboxylic acid (119). 
HO-CH— CH2 CHj— CH— OH 



CHs CH— COOH 


or 


CH2 CH— COOH 


\/ 




\/ 


NH 




NH 
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246. Molecular Weights of Proteins. — It has long been 
known that the proteins are very complex substances 
with very high molecular weights. Many of the proteins 
derived from plant and animal tissues certainly have 
molecular weights of fifteen thousand or higher. There 
are several ways of arriAing at a conclusion as to the 
size of the molecule. Osbonie has studied the problem 
from the content of sulphur in proteins. This is present 
in most proteins as cystine, which contains two atoms of 
sulphur. The atomic weight of aulphur is 32, and two 
atoms equal 64. If a protein contains 1 per cent of 
sulphur, its molecular weight would be 6400; if but 0.5 
per cent of sulphur, 12,800. 

Schulz in 1898 made a study of the effects of heating 
sulphur compounds of various types with 30 per cent 
sodium hydroxide and arrived at the following conclu- 
sions: Sulphur bound in the linkage =C — SH (mercap- 
tans) is in general not decomposed. Sulphur bound in 
the form ^C^S is decomposed but without the forma- 
tion of metallic sulphides. 

Sulphur bound in the form =C — S — C= ia partly de- 
composed but without the formation of metallic sulphides. 

Sulphur bound in the form of sC^ — S — S — C^ is set 
free by the action of the alkali in the form of HjS, which 
in the presence of the alkali forms metallic sulphide. 
This he designated loosely bound sulphur. 

Schulz discovered that when proteins are boiled with 
sodium hydroxide in an oxygen-free atmosphere (by 
passing illuminating gas through the apparatus) only a 
part of the sulphur ia set free as hydrogen sulphide, which 
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he determined after acidifying the solution by distilling 
and weighing as a metallic sulphide. This means that 
only a part of the sulphur in the protein molecule is 
present as cystine. Osborne later applied this method to 
a large number of proteins and with the results shown in 
the following table : 



Pbotbin 



Legumin (pea) . . 
Oxy-Hb. (horse) 
Globin (horse) . . 
Vignin (pea) . . . 
Amandin (date) 
Oxy-Hb. (man) . . 
Zein (maize) . . . 
Glycinine (soy bean) 
Hordein (barley) 
Edestin (hemp seed) 
Gliadin (wheat) 
Ovovitellin (egg yolk) 
Excelsin (para nut) 
Serum globulin (horse) 
Fibrin ..... 
Ovalbumen (egg white) 
Serum albumin (man) 



Total 
sxtlphub 



0.385 
0.390 
0.420 
0.426 
0.429 
0.568 
0.600 
0.710 
0.847 
0.880 
1.027 
1.028 
1.086 
1.110 
1.100 
1.616 
1.930 



LoosBLT Bound 

SXTLPHUK 



Calculated 
% 



0.193 
0.195 
0.210 
0.213 
0.213 
0.379 
0.200 
0.355 
0.423 
0.440 
0.629 
0.410 
0.430 
0.666 
0.440 
0.609 
1.498 



Found 
% 



0.165 
0.190 
0.200 
0.214 
0.217 
0.335 
0.212 
0.320 
0.348 
0.347 
0.619 
0.348 
0.350 
0.630 
0.380 
0.491 
1.280 



Relation of the 
Atoms 



Firmly 
Bound 



2 
2 
2 
2 
2 
3 
3 
2 
3 
5 
2 



Looeely 
Bound 



2 
1 
2 
2 
2 
3 
2 
2 
3 
2 
3 
7 



Nothing whatever is known concerning the nature of 
the sulphur which is combined in the proteins in what is 
termed in the literature " firmly bound " form. There 
can be little doubt, however, that there exists a sulphur- 
containing complex in proteins which has not yet been 
identified. 

From a complete elementary analysis of a long list of 
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proteins Osboroe deduced the formulce and molecular 
weights as shown in the following table : 
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Glycinin 
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25S 




M 
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SO 








2t 




















14523 


55 
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5.67 


16,20 
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Bynin . . 








180 




204 


IMIO 










1:027 


21 


73 




GliBdin . . 




685 




1B6 




211 






IS 














Eicwlain . 




642 










G3 


03 


6,84 




i,aso 


22 


06 




LeukoBin . 






1026 


180 




207 


15000 












Animal Proleim 
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48 






B45 


1004 




6 


207 
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209 
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22 


26 




Fihrinosan . . . 
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23 
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Ovalbumin. . . 


096 
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220 
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{.li 








23 






LsrtBlbumiii . . 
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14989 














22 


95 




Serunijlbumm 


084 


m; 


17! 




325 


15697 


5^ 




7^0! 




























fi4 


fi; 


7.11 


lelsi 




508 




0< 






















7,08 








2'. 


31 


2: 


CMcin . - . 


70HU30 






224 


15982 


51 
1* 


66 


7.12 


16,23 


^ 


028 






24 




67yil2 


1S2 




227 









13. Or 


IB. 






14. Bone 


20. 






15. Horae 




. Mai» 




18. Mu«te 


22. 


. Soybaan 


11. Wbeat 


17. Egg 






12. Ol 




24. 



Similar computations of the molecular weight of proteins 
can be made on the basis of their content of any peculiar 
group. Thus the IiEemoglobin of the blood has the capac- 
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ity of combining with oxygen of the air in the lungs and 
of giving up this oxygen in the tissues for the purpose of 
the oxidations which must go on during metabolism. It 
can also combine with carbon monoxide. From the 
combining power of this protein for either of these sub- 
stances a simple calculation gives the molecular weight, 
provided the assumption is correct that one molecule of 
the hsemoglobin combines with one molecule of oxygen or 
of carbon monoxide. 

The molecular weight of carbon monoxide is 28. On 
the assumption just stated, the ratio 28:x::w:l,x equals 
the molecular weight where w is the weight of carbon 
monoxide which combines with one gram of the protein. 
By this method the value 16,669 has been secured for 
carbon monoxide haemoglobin, and by the oxygen method 
the value for oxyhsemoglobin was found to be 15,200. 

The molecular weights of the amino acids are : glycocoll 
75, alanine 89, valine 117, leucine 131, serine 105, cystine 
240, phenylalanine 165, tyrosine 191, tryptophane 204, 
histidine 155, lysine 146, arginine 161, aspartic acid 133, 
glutamic acid 147, proline 115, and oxyproline 131. The 
mean of these is 142.7. Since with very few exceptions 
each of the amino acids named are represented among 
the digestion products of proteins, it is evident that in 
general a group of about one hundred amino acids of 
average molecular weight would give a complex having 
a molecular weight of about 15,000. This may be ac- 
cepted as the approximate size of the protein molecule. 

246. Structure of the Proteins. — The manner in 
which the amino acids are bound together in the molecule 



-Qi QBBBk ChBBiBBT fm fjiadriitb of Medicine 



'w^ JOK ft Ji;ssgit ^ ivr is ihiv piHi^i wA miderstood. 
T JCTT mi^ W JL ' tmx <k xUs ^uUtm in a number of 
iHKC -mmamt mmom^ lAaA has been the 
t :ar ooc iutauMi sKikcide In- hydrolysis 
UicscrvT esarnies or fay acids at alkalies. 
T^ ^^rgie i]€ a eiMi^i igadML praeresses in an oideriy 
€i^^%»&«:„v9:e^h^ s>dkr aiMl smd^ mole- 
c«ks T» wbaA i^ laoKs pntcosrs and peptxxies have 
Vm apG&d.iaK9i ^ol iJa^ i u cffJnrs called pq>tides. 



When the firee aaubDQ» aodb ha^e been fonned they can 

be caosed to unite a^ain by appropriate methods in the 

laboratQn>\ and dm? a partial ^mdiesis of proton4ike 

compounds can be aceoonpfisfaed. Tlias, when the ethyl 

ester of ^coeoll b aBoved to stand a few days in water 

sokitioQ^ alcohol and glycine anhydride are formed. In 

thb process two mofecnks of ^ycocoD are condensed to 

form a c\'clic structure. 

CO 

CHt NH:h CtRJOOC CH, NH 

+ 2CH,CHrf)H 



COOCAHHN— CHs NH CH, 

\/ 
CO 

2 0iol0ealav of fi yeoaoll citar Glsreme anhydnde Aleohol 

This substance is crystalline and difficultly soluble in 
cold water. It is readfly hydrolyzed when heated for a 
short time with dilute hydrochloric acid, in which process 
it takes up one molecule of water, forming the dipeptide 
glycyl-glydne. 
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CO 

/\ 
CHj NH CH2— CO— NH— CHj— COOH 

I I +H,0— ^1 
NH CHs NH, 

\/ 
CO 

Glydne anhydride Glyoyl-glyoine 

Emil Fischer introduced a system of nomenclature for 
the peptides which describes their structure as well as 
indicates the amino acids of which they are composed. 
The amino acid less the — OH of the carboxyl group 
is given the name of the amino acid with the ending 
ine changed to yl. Thus, NH2 — CH2 — CO — ^is glycyl; 

(CHs)2— CH— CH2— CH— CO~ 

I is leucyl ; 

0NH2 
CH2— CH-CO- 

I is tyrosyl, etc. 

NH2 

The amino acids are combined in the peptides and pro- 
teins by the loss of water between the carboxyl group of 
one and the amino group of another : 

C4H» GHr-C6H4(OH) 

ch2--co(Mh]hn---ch— a)fMH]HN--c--<:(^^ 



NH, 



H 

Gbroiiie d-Leuome l-Tyrosixie 

C4H9 

I 

• CHr-CO— NH-CH-CO— NH— CH— COOH 

I 
NH 

* Glycyl-d-Ieucyl-I-tyroeine (tripeptide) 
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-Talayl-^dn 

ptKiiQrlHikiiyl^xin 
abitjl-pliaifl-alaiim 
pkBi?i-«luiyl-«laiim 



TS^c^ 9<i(^Ct»£t^ wibsc^ ;tt^ ottcfaeii vidi m siv are derived 
6bv*Jtt ^ c^>»tJ3C SwniL »rf Ae^ smam wd, e^. rf equal 
i»t^^nii«^ v/£ ^ v^ :»»£ Is &CTi&«w h SKcii cases the 
v*^xti^ ^^ ^ <ffi3SVtttsf ^ i»^ v^ vmpfag^ bvl affects €gdy 
fi^^ff$tt vvot^tr^tsr^ ^vio:^ vriHSCim: tdbe opdoal fonn oi the 

V>j^ ^^^w$ w&5c&: v&Ofmane mlK^ker the p^tide 
v^i^ W ^Q^;^^^ ^ t^ «j3^5tifi^ ;ic^ tib^ Idnd <i( ainiiio 

**i ^ jvtjitjSk^tt tit nSjr v^fittoi:.. TW dks^yl poop faiTws 

't'W ^i^iK'iJic l^r5*::tJ^tt &«wvvaL Ae : ?u» . tMie rf the 
^vw*^ fe *i^5»«=J|^ V>c^ ^a^cwox i«a jA^vyl-dbuuiie is not. 
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Furthermore, the length of the chain may determine 
whether enzymatic cleavage can be effected. Thus, 
triglycyl-glycine is not attacked by trypsin, whereas 
tetraglycyl-glycine is. 

247. The Complexity of the Protein Molecule. — The 
property of the simpler peptides of being hydrolyzed by 
organic catalysts of the class of the enzymes when com- 
posed of the optical forms of the amino acids found in 
nature, but not othenoise, and of yielding amino acids on 
hydrolysis with acids, affords convincing evidence that 
the natural proteins are structurally similar to the syn- 
thetic peptides, but of higher molecular weight. The 
view that the protein molecule is very complex is sup- 
ported by a number of facts : 

1. The large number of amino acids (14-17) which 
proteins yield on hydrolysis. The union of even one 
molecule of each of these to form a hexadecapeptide 
would form a complex having a molecular weight of over 
two thousand, since the mean molecular weight of all 
the amino acids found in nature is about 140. 

2. The colloidal nature of the proteins when in solu- 
tion. This manifests itself in the failure of protein solu- 
tions, even when very concentrated, to show a lowering 
of the freezing point as compared with pure water. Since 

• the lowering of the freezing point depends on the number 
of dissolved particles in a given amount of the solvent, 
the failure of concentrated solutions to be affected as to 
freezing point, indicates that the particles in solution are 
few and very large. 

3. The molecules of protein are suflSciently large to 
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cause them to scatter the light which passes into their solu- 
tions, and cause the molecules to appear as luminous points. 
These are rendered visible to the eye in the ultra micro- 
aoope. In this instrument the field is illuminated at right 
angles to the tine of vision. The principle is well illus- 
trated by the position in which one must stand in order to 
see motes in the air of a darkened room into which a beam 
of light enters through a small aperture. Dust which is 
invisible to the naked eye in a room well illuminated is 
easily seen floating in a sunbeam when the latter is viewed 
at right angles to its path. The ultra microscope makes 
use of this principle and thus renders molecules of colloidal 
substances in solution visible as points of illumination. 

Solutions of salts, acids, bases, sugars, etc., when viewed 
free from dust particles appear perfectly homc^eneous in 
the ultra microscope. The beam of light passes through 
them without any interference by the particles. Sub- 
stances of about the molecular weight of rafRnose, 
CiaHjsOie (molecular weight 440), show some tendency to 
scatter light and to become visible in the ultra microscope. 

E. Fischer has synthesized by the methods described 
a complex peptide containing eighteen amino-acid radicals 
and having a molecular weight of 1213. This octadeca 
peptide was 1-leucyl-triglycyl-l-leucyl-triglycy 1-1-1 eucy I- 
octoglycyl-glycine. It was soluble in 100 parts of boiling 
water, and non-crystalline. Its solution foamed like that 
of a protein, and it was precipitated by the addition of 
ammonium sulphate, a property common to all soluble 
proteins and to certain of their digestion products, the 
proteoses. 
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The number of proteins which are theoretically possible 
of formation by the peptide union of sixteen amino acids 
is very great. With four different amino acids 24 peptides 
are possible. If the letters a, b, c, and d represent each 
a different amino acid, they may be arranged in peptide 
union as follows: 

c — a — b — d 
c — a — d — ^b 
c — ^b — ^a — d 
c — ^b — d — ^a 
c — d — a — ^b 
c — d — ^b — a 

While half of these combinations may at first sight appear 
to be duplicates of the remaining half because they are 
the same when read backward, it should be borne in mind 
that, in such cases, the terminal groups in a peptide are 
dissimilar although derived from the same amino acid. 
One has its amino group free and its carboxyl in union, 
while with the other the reverse is true. 

When two amino acids of a kind and two unlike ones 
make up the four, the possibilities for isomers are twelve. 
It has been calculated that for sixteen amino acids the 
number of isomers theoretically possible is 20,922,789,- 
888,000. This accounts for the great variety of proteins 
found in nature. 

248. The Solubility Relations of the Proteins. — If a 
finely ground seed, wheat for example, be extracted with 
distilled water there will be extracted a certain amoimt 
of protein bodies of three classes. This can be demon- 
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strated in several ways. If some of the filtered water 
extract be rendered slightly acid and heated, it will be 
found that when the temperature reaches 50-60° C. the 
solution becomes turbid and there separates a voluminous 
precipitate consisting principally of the albumin leucosin. 
This protein constitutes but 0,4 per cent of the weight of 
the seed. In a water extraction there is always removed 
from the seed a certain amount of inorganic salts, and as 
will be seen, there is a class of proteins which dissolve in 
water containing even small amounts of inorganic salts, 
although they are insoluble in pure water. 

If a second portion of the filtered extract of the seed 
be placed in a bag of parchment paper or in the bladder 
of an animal, and surrounded by distilled water, the appli- 
cation of suitable qualitative tests will soon reveal the fact 
that certain inorganic ions as Na+, K+, Ca''^', Mg^""^, Cl~, 
HK)4", SOr, are passing through the semipermeable 
membrane, from the solution inside to the distilled water 
without, II the latter is frequently changed, the salts 
whicii were extracted from the seed will all be removed 
from the protein-containing extract. Suitable tests, as 
the poagulation test, Millon's reaction, Hopkins-Cole's 
reaction, demonstrate, by the production of a color, the 
presence of tyrosine and tryptophane respectively. Both 
of these amino acids are nearly constantly found in pro- 
teins. The biuret reaction shows the presence of certain 
characteristic organic linkages. These tests reveal the 
fact that while the inorganic salts have passed out of 
the bag the protein has not. After complete dialysis, 
however, it will be found that a small amount of protein 
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material has separated from the seed extract and re- 
mains deposited in the bag as an insoluble precipitate. 
This is soluble in water conta,ining inorganic salts, but 
not in distilled water. It is called globulin. In wheat 
the globulin fraction amounts to about 0.6 per cent of the 
seed, but there is not enough salt extracted from the 
seed to bring it all into solution. A thorough extraction 
must be made with dilute sodium chloride solution, in 
order to free the seed from globulin. 

The residue of the wheat after complete extraction 
with distilled water and with salt solution will still yield 
a large amount of protein when extracted with alcohol 
of 70 per cent strength. The protein thus extracted can, 
be separated out by sufficient dilution of the alcohol by 
the addition of water, or by pouring the dilute alcoholic 
solution of the protein into absolute alcohol. 

Beans and peas contain no alcohol-soluble proteins- 
After removal of both the albumin and the globulin 
fractions the bean will still yield a large portion of its 
original protein content to a very dilute solution of sodium 
hydroxide (0.2 per cent). On neutralizing the solution 
with acid the alkali-soluble proteins, which are known 
as gluielins, separate out. In this manner nearly all of 
the proteins can be removed from the seed, leaving behind 
the cellidose, heraicelluloses, starch, etc. 

The proteins which are extracted by water are not 
completely coagulated by heat, even when the conditions 
of acidity are most favorably adjusted. There are found 
in all seeds a certain amount of protein-like substances 
which can be " salted out " by adding ammonium sul- 
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phate to saturation, but are not coagulable by heat. 
These substances are collectively known as proteoses. 

Although there are now available quantitative methods 
for the determination of a few of the amino acids yielded 
by proteins, this is possible only for argjnine, histidine, 
lysine, glutamic acid.and cystine. Fairly good determina- 
tions can be made of several others, especially of glycocoll, 
leucine, tyrosine, and proline, while the remainder cannot 
be estimated in a quantitative way. 

249. ClassificatioD of the Proteins. — While it is known 
that the yield of particular amino acids by certain pro- 
teins varies widely, it is not yet possible to propose a 
satisfactory classification of the proteins of the animal and 
plant kingdom on a chemical basis. The best that can 
be done is to classify the proteins and their derivatives 
according to their solubilities in various solvents. The 
following classification has been adopted by American 
bio-chemists and physiologists : 

Simple Proleint 

By " protein " is meant a substance whirh yields only a-amino 
acids on hydrolyaia. Tlie term applies only to the compleses of 
high molecular weight and not to the simpler peptides. 

(o) AUnimint: Proteins soluble in pure water and coagulable 
by heat. They coagulate nearly completely from slightly acid 
solutions, incompletely from neutral, and not at all from distinctly 
alkaline solutions. Familiar examples are egg albumen, serumalbii- 
rain of blood, and lactalbumin of milk. There are many vegetable 
albumins. 

(i) GMndins: Proteins not soluble in pure water, but soluble in 
solutions of the salts of strong arids with strong bases. Such 
proteins are common in seeds, and in the blood of animals- The 
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globulin of blood serum is specific in its character for each species 
of animal. 

(c) Glvtelina: Proteins insoluble in all neutral solvents, but 
soluble in very dilute adds and alkalies. These are especially 
prevalent in certain seeds, as peas, beans, etc., but are found in all 
seeds. 

{d) Protamines: Proteins soluble in alcohol of 70-90 per cent 
strength, but insoluble in water, or nearly so, and in absolute alcohol 
and other neutral solvents, such as solutions of inorganic salts. This 
type of proteins is found only in seeds. Examples are zein from the 
maize kernel, gliadin of wheat, hordein of barley, etc. 

{e) Albuminoids: Proteins which are chemically similar in their 
constitution to those already described, but characterized by their 
insolubility in all neutral solvents. They constitute the protein 
portion of ligaments, connective tissue (collagen), tendon, horn, nails, 
hair, wool, etc. They are not hydrolyzed by the digestive enzymes 
which accelerate the hydrolysis of other classes of proteins. English 
chemists designate these as scleroproteins, 

(/)" Histones: Proteins soluble in water but insoluble in very 
dilute ammonia, and, in the absence of ammonium salts, insoluble 
in stronger ammonia solutions. They yield precipitates with solu- 
tions of other proteins, and are coagulable by heat, the coagulum 
being easily soluble in dilute acids. While they yield all or nearly 
all the amino acids found in proteins generally, the yield of arginine, 
lysine, and histidine is particularly high, which gives them their basic 
character. In this respect they stand midway between the proteins 
(a) to (e) inclusive on the one hand and the protamines (g) on the 
other. Histones are foimd in the blood corpuscles, the protein 
ghbin in haemoglobin being a histone. Other examples are the 
histone from the thymus gland and from the partially ripe testicles 
of fishes, etc. 

(g). Protamines: These are complex polypeptides of smaller 
molecular weight than the proteins of the preceding groups. They 
are soluble in water and do not coagulate on being heated. They 
possess strongly basic properties and form stable salts with strong 
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^^«^i»MMk^>^ >%W^ vNWliitk th« pcvtein molecule united to sooie 

x^%^- *%k^mW ^««^ t^H4iiKH(iii^ v^tilhirwuw than as a salt. 

v^.- ^^*< > »» y «»% »H ». OMii|hma»hi g| one or more mdecules of 

^**• -^% v *^«<»**»ik V\MtiDVumk^vl the protein mdecule with a 
'^^^•^•^^^^ x^> ^WitMK>^ vvtt^ainai^ a carbohydrate group other 
*^^**«^ u Hss^>^ ^>Hi\ .^ mM»i^ aii»l ttiLUcoiiib* 

N> ■ ^vir*Wr»v^(r%*«k CVMHihmthh^ g| the protnn molecule with 
<^s«x %cs N v^ '^tHyW^«^ (*b%^i^»h«i(^ii»H^mtaumi(jp substance other than 
>^AAi^ %^^i H w^aKo^ tH^v >(HtU ^HIL hydrolysis the usual amino 
^'Mi.v^ ^si\ v>U ^K*^<^^ ^H>M^^^4i«k ^fetid \lttL adixtion ccthophosphoric add. 
^Xv^^VvvvsivA*^ W^ ^>^^*^ iKHUnt <Mjy in Ae milk of animab and 
*^^»^.^>^K ^V\^^^«iM>rf\t«4kaii!iviNttuig{ egg yolk are example 

'" «v ***H^*VyVit<t v'^^Vkit^Hifti^ g| ^ protein mdecule with 
Vx.*.^,i;v s ^H^ >iJW%4^ mlMmtii^v Tbie hamoglobin of the 

' '^"^>-v»»*->w^ v\HH|M»iJb wl thie pcotetn molecule with 
\\Aivw \ S^M^^^ V«^^^teM||Bt vNttiMM^ thme is eixtremdy meager. 

'Ssv\ Ax»\vsv xx vAv^ ;Hy«Mte tiNt(K^ a^^dMtt^ formed tlvough 
Vx\vN^.%v -^W»^|i5^ %V^ %^vtK^ ^^ ^figlil aheration of the 

V ' H\yH^x H^s^j^ ^MV%feiM%^ >iilto{lt at^f^areii^ result from 
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the incipient action of water, very dilute acids, or enzymes. Edestan 
from edestin is an example. 

(b) Metaproteins : Products of the further action of acids or 
alkalies whereby the molecule is so far altered as to form products 
soluble in very weak acids and alkalies, but insoluble in neutral 
fluids. Acid metaprotein (acid albuminate), alkali metaprotein 
(alkali albuminate). 

(c) Coagulated Proteins : Insoluble products which result from 
(1) the action of heat on their solutions, or (2) by the action of 
strong alcohol on the protein. 

2. Secondary Protein Derivatives* 

Products of the further hydrolytic cleavage of the protein molecule. 

(a) Proteoses: Soluble in water, non-coagulable by heat, and 
precipitated by saturating their solutions with ammonium or zinc 
sulphate. 

(6) Peptones: Soluble in water, non-coagulable by heat, but 
not precipitated by saturating their solutions with ammonium 
sulphate. 

. (c) Peptides: Definitely characterized combinations of two or 
more amino acids, the carboxyl group of one being united with 
the amino group of the other, with the elimination of a molecule 
of water, dipeptides, tripeptides, tetrapeptides, etc. 

260. The Chemical Analysis of Proteins. — The bio- 
logical value of a protein depends on the proportions of 
the several amino acids which it yields on hydrolysis. 
The process of protein digestion is one of hydrolysis of 
the giant protein molecule into simpler and simpler frag- 
ments, the amino acids being the final products. The 
importance of the proteins in the nutrition of animals and 
man makes it highly desirable that methods of analysis 
be devised by means of which the content of each of the 
amino acids can be quantitatively determined. Up to 
the present time efforts in this direction have been but 
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imrtiHil.v MiuH'o.HHfuK During the last quarto' of 

hiiu't^H^uth iH'utury priHCrt'Hs in the study of the 

WHi mIonv, but H iHMiHuloruhle number of the amino 

biH*HUU' known und tho gt'tuTal structure of the fnoteiiis^ 

i.v. Omt tiu\v \HM\MivHttHl of amino acids in peptide unioiiw 

WH?i umdi^ rKn^r, Tho first method developed which was 

ru|iubK^ of ililTort^ntintini; tho proteins on the basb of 

tboir vHUU|K»Mition whh that described by Hausmami in 

ISUU. It dotormintnl (I) the three basic amino adds, 

Hrgihitu\ hinturnu'i und lysine, together as a group, by 

hlu^wiug Nvhut |mrt of t)ie total nitrogen of the protein 

uu»liH'uU^ e-xi.HttHl in thtsne tH>mplexes; (2) the fraction of 

tht^ ti^tul tntriHC^n in the pn^tein which existed as mono- 

Huuuik ucul.H ; ('d) the nitn^gen in the form of the acid 

umide ginmp CONIU; (4) the humin nitrogen, or that 

\vhi(*h exi.HtM in the bluek, insoluble material which is 

always forniinl whei\ pn^teins are boiled with acids. The 

proftnlure is brietly as follows : 

Hauaouuin Method. I. UydnU^vtua of the protein (1 gram) 
with 20 jH^ (^ut h^vilriH'hUkric aeid until it is completely converted 
into amiiuk \u%U, It im X\wi\ t^vHiHirated nearly to dryness to re- 
move the grtittter iHortioM k4 the lv^'dnH*hloric acid. 

2. The renidiie ia traiuvferreil to a tlask with water and cream of 
magnesia (Mg() with water) added in amount to neutralize the 
remaining a(nd and to make the solution slightly alkaline. It is 
then (UatiUed, and the ammonia which passes over is collected in 
Htandard acnd and estimate<l. The ammonia formed represents 
the nitrogen which existe<l in the protein as acid amide groups. 

3. After the completion of the ammonia estimation the excess of 
MgO together with the black insoluble " humin " substances formed 
in o|H5raticm 1 are filtered off and thoroughly washed with water. 
The nitrogen content of the ** humin ** material is then estimated 
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by the Kjeldahl method. It has been shown that this represents 
nearly the nitrogen derived from tryptophane. 

4. The filtrate from the " hiunin " is concentrated to 100 c c , 
cooled to 20°, 5 grams of sulphmdc acid added and then 30 cc of a 
solution containing 20 grams of phosphotimgstic acid and 5 grams 
of sulphmnc acid per 100 cc. After 24 hours the precipitate is filtered 
off and washed with a dilute phosphotimgstic add (sulphuric acid 
solution according to a prescribed degree of thoroughness). This 
procedure precipitates the "diamino acids" nearly completely. 
The nitrogen in this precipitate is reported as " basic " or diamino- 
add nitrogen. 

5.* The filtrate from the diamino adds is examined by the Kjeldahl 
method for its nitrogen content and the nitrogen so found was 
termed " non-basic " nitrogen and was interpreted as consisting , 
prindpally of the monoamino adds. 

Later studies by Van Slyke have shown that in the 
main the interpretation put upon the data obtained by 
the Hausmann method is correct. He showed that 
unaltered cystine is precipitated along with the three 
basic amino acids. A considerable part of this acid is 
decomposed by boiling acid during the hydrolysis. 

The data obtained by Osborne and Harris by their 
modified Hausmann method show in such a marked 
fashion the differences in the distribution of the nitrogen 
of the protein molecule, between basic or diamino acids 
and mono-amino acids, and in the yield of " humin " and 
ammonia nitrogen that their table is reproduced here, the 
data being recalculated, so as to express the nitrogen in 
the special forms in per cent of the total nitrogen. 

261. The Origin of the Humin Nitrogen Formed 
during Hydrolysis. — Gortner and Blish made the obser- 
vation that zein, the principal protein of the maize kernel, 
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Acids 
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Comabamen (egg idiite) 


7.51 


25.82 


65.11 


1.61 


16.11 


Phaaeolin (bean) . . . 


10.74 


24.50 


62.85 


1.79 


16.20 


Glydnine (pea) . . . 


12.09 


22.63 


64.58 


.68 


17.46 


I^gomelin (pea, bean) . 


6.46 


23.06 


68.12 


2.36 


16.09 


JjBOCoan (wheat) . . . 


6.85 


20-67 


69.87 


2.54 


16.93 


Glatenine (wheat) . . 


18.86 


11.72 


68.32 


1.09 


17.49 


Gliadin (rye) . . . . 


23.78 


5.49 


70.27 


.79 


17.66 


HOTdein (bariey) . . . 


23.30 


4.47 


69.96 


1.33 


17.21 


Zein (maiae) .... 


18.41 


3.03 


77.56 


.99 


16.13 


Globulin (wheat) . . . 


7.72 


37.14 


53.39 


1.52 


1&39 


Globulin (coca nut) . . 


7.35 


32.79 


59.09 


.75 


18.48 


Globulin (squash seed) . 


6.91 


32.25 


59.64 


1.18 


18.51 


Globulin (cotton seed) . 


10.30 


30.63 


59.06 




18.64 


Edestin (hemp seed) . . 


10.08 


31.70 


57.83 


.64 


18.64 


Cxcelsin (para nut) . . 


8.87 


31.47 


59.94 


.92 


19.30 


Corylin (hazel nut) . . 


11.57 


30.26 


56.31 


.89 


19.00 


Amandin (almond) . . 


16.04 


21.84 


60.08 


.89 


19.00 


Globulin (castor bean) . 


10.45 


30.08 


58.66 


.64 


18.75 


Corylin (walnut) . . . 


9.44 


28.71 


61.09 


.79 


18.84 


Congluten (a) Gupine) . 


11.84 


29.05 


58.00 


1.00 


17.90 


Congluten (6) (lupine) . 


14.55 


28.17 


56.56 


. .76 


18.21 


Legumin (pea) .... 


9.40 


28.82 


60.27 


.94 


17.97 


Globulin (flaxseed) . . 


10.82 


25.81 


62.06 


1.18 


18.48 


Vicilin (pea, bean) . . 


10.40 


27.76 


60.60 


1.22 


17.11 


Vignin (pea) .... 


11.07 


25.39 


62.66 


1.45 


17.25 


Globulin (sunflower seed) 


13.83 


22.98 


62.00 


1.29 


18.58 


Vitellin (egg yolk) . . 


7.67 


28.56 


62.41 


1.35 


16.28 


Casein (cow's milk) . . 


10.30 


22.84 


66.00 


1.34 


15.62 


Ovalbumen (egg) . . . 


8.64 


21.27 


68.21 


1.87 


15.51 


Chicken muscle . . . 


7.45 


29.98 


59.85 


2.43 


16.09 


Halibut muscle . . . 


6.70 


30.18 


60.73 


2.37 


16.40 


Scallop muscle .... 


6.33 


26.51 


64.81 


2.34 


17.06 


Beef muscle 


5.50 


27.32 


64.52 


2.65 


16.18 



when heated with hydrochloric acid in the presence of 
^rbohydrates according to the usual procedure in the 
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hydrolysis of proteins yielded, about 0.50 per cent of the 
total nitrogen of the protein appeared in the humin frac- 
tion. When zein, tryptophane, and carbohydrate were 
heated with acid 16.5 per cent of the total nitrogen was 
in the " humin," Zehi, hiutidine, and carbohydrate gave 
about the same " humin " nitrogen value as did zein alone. 
Now, zein contahis no tryptophane, and Gortner and 
Blish were led to conclude that the amino acid trypto- 
phane was the source of the " humin " nitrogen. The 
correctness of this view was confirmed by the observation 
that trj-ptophane when heated with carbohydrate and 
acid yielded 86.56 per cent of Its nitrogen as black insoluble 
" humin." They proposed this reaction as an approxi- 
mately quantitative method for the estimation of trypto- 
phane. It is, indeed, the best approach to such a method 
which we possess. 

Further studies by Gortner and Blish and by Roxas 
have shown that when heated with hydrochloric acid and 
carbohydrate, alanine, leuchie, phenylalanine, proline, 
and glutamic acid do not contribute to " humui " forma- 
tion. On the other hand, the following list of amino 
acids do so contribute. The figures Indicate the per cent 
of their nitrogen disappearing as " humin " : Tyrosine, 
15,0; cystine, 3.1 ; arginine, 2.33; lysine, 2.62; histidlne, 
1.84; tryptophane, 71.0. 

The nature of the reaction by which " humin " is formed 
is not very clear. In the absence of carbohydrate trypto- 
phane does not form humin. The nature of the humin 
in proteins which contain no carbohydrate group is still 
unknown. 
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' 262. Source of the Anunonia Fonned in Protein 
Hydrolysis. — During tlie hj'drolysis of proteins by 
digestion with enzymes, no ammonia is formed, but In 
acid hydrolysis the amount of the total nitrogen of the 
protein appearing m this form varies in different proteins, 
from 6 to 23.78 per cent. It has long been known tliat 
asparagine and glutamine occur in the juice of seedlings, 
and their origin has been assumed to be the digestion of 
the proteins of the resting seed. Osborne, Leavenworth, 
and Brautlecht have pointed out that the amount of am- 
monia formed in acid hydrolysis closely agrees in most 
instances with the theoretical, if it is assumed that one of 
the two carboxyl groups in glutamic and aapartic acids 
exists in the protein molecule as an acid amide group. 
Asparagine and glutamine have not as yet been isolated 
from proteins, and indeed cannot be through acid hydroly- 
sis, since the amide group is hydrolyzed to carboxyl and 
ammonia. 

NH, 

I 
HOOC— CH— CH>— CONHa +H2O 

NHa 
I 
= HOOC— CH— CHa— COOH + NHj 

263. The Amino-nitrogen Method of Van Slyke. — 

D. D. Van Slyke introduced a simple, accurate, and fairly 
rapid method for the separate estimation of arginine, 
histidine, lysine, ammonia, and humin nitrogeu. In 
the filtrate from the bases, which are precipitated by 
phosphotungstic acid, the nitrogen which is present as 
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amino groups is estimated and by difference the non- 
amino nitrogen, from which the content of proline can be 
calculated as shown on page 444. The method depends 
upon the fact that the a-amino group of an amino acid 
reacts with nitrous acid under appropriate conditions, 
replacing the NH2 by hydroxyl : 

R— CH— COOH+HNO2 = R— CH— COOH + H2O + N2 

I 
NH2 OH 

This reaction between a primary amine and nitrous 
acid has long been known and used for the conversion of 
primary amines into alcohols (46). Van Slyke's method 
was based on the older method of Hausmann (250) and 
represents a very great advance over the latter. Ad- 
vantage is taken of the fact that nitrous acid does not 
react with the nitrogen of secondary or tertiary amines, 
which groupings are found in histidine, proline, and ar- 
ginine. It also is unable to attack the guanidine complex 
in arginine. The reaction is carried out in an apparatus 
which is described in all text-books on physiological 
chemistry. Nitrous oxide is generated in the apparatus 
until all the air is expelled before the sample is introduced. 
The elemental nitrogen which is formed is accurately 
measured as a basis for calculation. 

The nitrogen is freed from oxides of nitrogen and traces 
of carbon dioxide by washing with alkaline permanganate 
solution and is then measured and from the volume of 
gas collected the amino nitrogen is estimated. The fol- 
lowing table illustrates the scheme of the analysis : 
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Precipitated 
by 
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tungstie 
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With HNOt 
yield lOOper 
oest of their 
N as ele- 
mental N 
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S content) 
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difference) 



8— CH«— CHNHi— <X)OH 
I 
8— CH«— CHNHi— <X)OH 



NHf— (CH8)r-CHNH»— COOH 



Contain 

non-amino 

nitrosen 



' Arginine 

With HNOt 
yields i of its 
Ninele- || | 

mental ♦NHt— C— NH— (CHa)!— CH— OOOH 
form • 



NH 



NHi 



Hiatidine 



Not 
precipi- 
tated by 

phos- 
phottmg- 
stic add 



With HNOi 
yield 100 
X)er cent 
of their 
N as ele- 
mental N 



With HNOs 
yields \ of 

its N in 
elemental 
form 
' Glutamic acid, 
Aq;>artic acid, 
Tjrrosine, 



♦NH N* 

I 



CH= 



:0— CHt— CHNHr— C50OH 



HOOC— CHiCHjCHNHj— COOH 
HOOC— CHa— CHNHr— COOH 
HO— C«H4— CHi— CHNHt— COOH 
Phenylalanine, C«Ht— CHa— CHNHj— COOH 



With HNOi 

yield no 

elemental 

nitrogen 



Serine, 

Leucine, 

Isoleucine, 

Valine, 

Alanine, 

Glycocoll, 

Proline, 



Oz3rproline 



. Tryptophane 



HO— CHi— CHNHr— COOH 
(CHa)i=CH— <ma— CHNHr— COOH 

^^>CH— CHNHr-COOH 

(CHa)i=CH— CHNHr- COOH 
CHa— CHNHa— COOH 
CHiNHr-COOH 

CHr-CHa 

I I 

CHa CH— COOH 

\/ 
NH 

OH— CH CHa 



a, 



CHa— NH—<3H— COOH 
CsHeN— CHa— CHNHa— COOH 



The three atoms in the guanidine group do not react with nitrous 
acid. However, arginine on heating with strong alkalies yields half tha 
nitrogen of the guanidine complex, first as urea, then as anmionia. 
This is the basis for the estimation of arginine by Van Slyke's method. 
(See page 119, arginine decomposition.) 

♦ The nitrogen atoms marked with a star do not react with nitrous 
acid. 

** Cystine is calculated from the sulphur contained in the phospho- 
tungstic precipitate. Arginine is estimated from the ammonia yielded 
by heating the bases with strong NaOH. 

Histidine N* 8/2 (total non-amino N of bases- 3/4 Arg. N). I^sroe 
N- total N of ba8es-(Arg. N + Cyst. N +Hi8t. N). 
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3,32 
4.36 
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.87 



2H. The Method of EosmI for ai« Estiouitioa of tiie Brndc 
Amino Adds in Proteina. — The details of the method will not be 
given here. In principle it depends upon the predpitftbility of 
arginine, histidine, and lysine by phosphotungstic acid in acidified 
solutions of appropriate dilution. The three bases freed from 
phosphotungstic acid by barium hydroxide are separated by : 

(a) Precipitating both arginine and histidine as the silver com- 
pounds, lysine remaining in the filtrate. 

(b) Histidine is separated from aiginine by the insolubility (^ 
its mercury compound. Aiginine is ultimately weighed as crystal- 
line arginine nitrate ; histidme as the hydrochloride. 

(p) Lysine is precipitated again with phosphotungstic acid and 
b afterwards converted into the picrate and weighed as such. 
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Free Amino Nitrogen of Proteins Compared with the 

Lysine Nitrogen 



Pbotbtn 


Per Cent of 

Total NrrsooBN 

AS Amino N 


Per Cent of 
Total N—J the 

Lysine N as 

Determined bt 

Van Sltkb 

Method 


Lactalbmnin 

Rice protein 

Wheat gliadin 


6.49 

2.17 

.62 


6.10 

2.00 
.66 



267. The-Formol Titration of Sorensen. — The solu- 
tions of all of the amino acids except arginine and lysine 
are nearly neutral. The latter are basic. It is not 
possible to titrate the amino acids therefore, because of 
the presence of both amino and carboxyl groups. Sorensen 
devised a method of doing away with the basic character 
of the amino group by condensing with it formaldehyde, 
which converts primary amines into methylene deriva- 
tives containing tertiary nitrogen and devoid of basic 
properties. The following reaction is typical : 



R— CH— COOH 



+ HCHO 



^ R— CH— COOH 



NH 



2 



Amino aoid 



Formaldehyde 



N=CHj+H20 

Methylene amino aoid 



The methylene derivatives now behave like fatty acids 
with respect to indicators and can be estimated by 
titration with standard alkali solution. It serves also as 
a method of estimating the degree to which a protein has 
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evolve any gas, showing that it contains no amino groups 
other than those of the guanidine complexes in the arginine 
molecules, Kossel and Cameron propose the following 
linkage for arginine in the protamine molecule : 

-CO— NH— CH— CO— NH— CHr-C,H«— NH-C— NH, 

I - II 

CH«— NH— C— NH, NH 

I 

^fH 

Even in those protamines ^iiich contain much lysine, the 
acid-combining power is too great to be accounted for by 
the lysine, so that part of it is due to the guanidine 
complex. 

Kossel and Weiss, in consideration of the properties 
of protamines described above, consider the most probable 
structural relationship in sturine to be expressed by the 
following scheme : 

— NH— CH— CO— NH— CH— CO— NH— CH— CO— 

I I I 

R R' R" 

in which R, R', R" may be 
— QHj- NH— C— NHs, 

H 

N=CH 

/ 
— CHs-C NH, — CH3, or — C4H9, 

\/ 
CH 
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complexes which on hydrolysis yield arginine, histidine, 
lysine, alanine, and leucine, respectively. Concerning 
the order of combination of the several amino acids, 
however, nothing can be said. When nitroclupein is 
allowed to stand at 40^ with w-sodium hydroxide, nitrous 
oxide, ammonia, and carbon dioxide are liberated and 
from the resulting product, on hydrolysis, ornithine is 
obtained instead of arginine. The decomposition prob- 
ably follows the following line : 

R— CO— CH— NH— R + 2 H2O ^ 



CsHe R— CO— CH— NH— R 

I I 

NH— C=NH CsHe • 

I I 

NH— NO2 NH2+CO2+NO2+2NH3 

259. The Glutamic Acid Content of the Proteins. — 
A striking illustration of the great variation in the amount 
of a particular amino acid yielded by various proteins is 
indicated in the table on page 455. The hydrochloric 
acid salt of glutamic acid is very sparingly soluble in cold 
concentrated hydrochloric acid and separates out readily 
in a crystalline form. This amino acid can be estimated 
quantitatively with greater satisfaction than most of the 
other monoamino acids, so the data are exceptionally 
reliable. 

There is much reason to believe that glutamic acid 
does not occur as such in the protein molecule, but in 
the form of its half amide, glutamine (107). 
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Per Cent op Glutamic Acid Yielded by Proteins 



Proteins Soluble in Alcohol 

GUadin (wheat) .... 42.98 

Gliadin(rye) 37.80 

Hordein (barley) .... 43.19 

Zein (maize) 26.17 

Albumins 

Leucosin (wheat) . . . 5.72 

GkUelins 

Glutenine (wheat) . . . 23.40 

Animal Proteins 

Casein (cow) . . * . . 10.77 

Ovalbumen (egg) . . . 9.01 

Conalbumin (egg) ... 7.(X) 

Vitellm (egg yolk) . . . 12.95 

Serum albmnen (horse) . . 7.70 

Sermn globulin (horse) . . 8.50 



Halibut muscle . . . 10.13 

Chicken muscle . . . 16.48 

Scallop muscle . . . 14.88 

Dog tissues, entire body 14.00 
Rabbit tissues, entire 

body 14.14 

Hen tissues, entire body 12.02 

Globulins 

Amandin (almond) . . 23.14 

Edestin (hemp seed) . 14.(X) 

Corylin (hazel nut) . . 17.94 

Phaseolin (bean) . . . 12.33 

Vignin (pea, bean) . . 16.39 

Legumin (vetch) . . . 16.48 

Glycinine (soy bean) . 19.46 

Conglutin (yellow lupine) 30.05 



260. The Fischer Ester Method for the Analysis of 
Proteins. — This method represents the most complex 
manipulation of the cleavage products of protein hydrolysis 
with a view to their separation in a pure form. After 
hydrolysis with strong acid, the amino acids are con- 
verted into their ethyl esters and the mixture of these is 
distilled under very diminished pressure. In this manner 
the amino acids are separated into several fractions each 
of which is much less complex than the original mixture. 
The esters are then saponified and subjected to an elab- 
orate system of fractional crystallization either of the free 
amino acids or of certain of their salts. 
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The results obtained by the Fischer ester method are 
not quantitative for several reasons. The amino acids 
are partly lost in the elaborate treatment to which they are 
subjected. The esters of some of them are not volatile 
without decomposition, and the final separation of the 
components of the several fractions obtained on distilla- 
tion of the esters is only partial. 

The method is of the greatest value for the preparation 
of pure samples of certain of the amino acids, and led to 
the discovery of proline and oxyproline. It is rarely 
possible to account in the form of pure amino acids for 
more than half of the total nitrogen of the protein which 
is analyzed. The results obtained are not significant 
enough to make it possible to deduce from them any 
conclusions as to the biological value of the proteins as 
food. 
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Carbonyl, 57. 

chloride, 9. 
Carboxylase, 341. 
Carboxyl group, 57. 
Carbylajnine reaction, 89. 
Carnauba wax, 191. 
Carnaiibyl alcohol, 36. 
Carvicrol, 374. 
Casein, 414. 
Castor oil, 177. 
Catalytic action, 55. 
Catechol, 376. 
Cellulose, 330. 

acetates, 331. 
Centric formula of benzene, 349. 
Cerebrosides, 197. 
Cerotic acid, 151. 
Ceryl alcohol, 36, 191. 
Cetyl alcohol, 36. 
Chinese wax, 191. 
Chinovose, 303. 
Chitin, 334. 
Chitosan, 334. 
Chitose, 336. 

Chloracetic acids, 107, 205. 
Chloral, 60, 66. 

hydrate, 60, 67. 
Chlor benzenes, 358. 
Chlorhydrins, 39, 41. 
Chlorine, Analysis for, xv. 
Chloroform, 9. 
Chlorophyll, 222. 
Chlor propionic acid, 137. 
Chlortoluenes, 355. 
OholesteFols, 404. 



ChoUne, 92, 125, 196. 
Cinchonine, 410. 
Cinnamic acid, 381. 
Ci8 form, 171. 
Citric acid, 245. 
Citronellol, 402. 
Coal gas, 1. 

tar, 352. 
Cocaine, 409. 
Cocoa butter, 176. 
Collidines, 393. 
Collodion, 331. 
Colophony, 400. 
Color reactions of proteins, 368, 

398. 
Color of organic substances, xiii. 
Congo red, 390. 
Coniferin, 375. 
Coniferyl alcohol, 374. 
Coniine, 406. 
Conjugated proteins, 416. 
Constitution of proteins, 415. 
Coprosterol, 198. 
Cordite, 40. 
Cream of tartar, 231. 
Creatine, 123. 
Creatinine, 124. 
Cresols, 367. 

Crotonic acids, 169, 173, 236. 
Croton oil, 177. 
Crystalline form, xii. 
Crystallization, x. 
Crystallization, Fractional, zi. 
Cyanamide. 83, 116, 118. 
Cyanates, 82, 112. 
Cyanides, 78, 79. 

alkyl, 78. 
Cyano benzene, 363. 
Cyanogen, 199. 
Cyanuric acid, 113. 
Cyclohexane, 211. 
Cymene, 357. 
Cystine, 139, 417. 
Cytosine, 264, 265. 

Deamination of amino adds, 121, 

370, 399. 
Denatured alcohol, 26. 
Desaturation of fats, 172. 



460 



Ihdez 



Dextiins, 330. 

Dextrose, 304. 

Diacetyl urea, 253. 

Dialuric acid, 261. 

Diamines, 147, 408. - 

Diamino acids, 118, 125, 146, 257. 

caproic acid, 147. 
^ valerianic acid, 29, 143. 
Diastase (see amylase). 
Diatomic alcohols, 37. 
Diazo benzene, 362. 

reaction, 362. 
Diazonium salts, 363. 
Dibasic acids, 199. 

acid ureides, 259.1 
Dichlor acetic acid, 107. 

hydrin, 41. 
Diethyl aniline, 361. 

arsine, 11. 

sulphite, 47. 
DigaUic acid, 382. 
Digitalin, 323. 
Dihydroxy acetic acid, 256. 

acetone, 75, 340. 

benzenes, 371. 

succinic acid, 227, 249. 
Dimethyl amine, 85, 91. 

aniline, 361. 

benzenes, 352, 356. 

selenide, 11. 

sulphate, 44. 

telluride, 11. 

xanthine, 281.' 
Diolefines, 161. 
Diose, 294. 
Dioxypurine, 277. 
Dipep tides, 415. 
Diphenyl amine, 361. 

methane, 357. 
Disaccharides, 318. 

hydrolysis by enzsrmes, 319, 321. 
Distillation, vii. 
Diterpenes, 402. 
Dodecyl alcohol, 36. 
Double bond, 154, 169, 172. 
Dry distillation of wood, 100. 
Drying oils, 176. 
Dulcite, 303. 
387-390, 



Ecgonine, 409. 

Egg albumen, 414. 

Elaidic acid, 172. 

Maidin test, 189. 

Empirical formula, 8. 

Empirical formula. Finding the, 

xvii. 
Emulsin, 324. ' 
Emulsions, 182. 
Enantiomorphs, 134. 
Enol form, 241. 
Enzymes, 338, 341. 
Eosin, 390. 
Erythrite, 42, 294. 
Erythrodextrine, 330. 
Erythrose, 294. 
Esters, 44. 
Ethanal, 65. 
Ethane, 10. 
Ethanol, 24. 
Ethers, 44, 48. 
Ethyl acetate, 103. 

alcohol, 24. 
. amine, 78, 79, 85, 01. 

carbinol, 24. 

chloride, 12, 13. 

ether, 48. 

mercaptan, 43. 

nitrate, 48. 

nitrite, 47. 

radical, 12. 

sulphates, 44, 40. 

sulphuric acid, 44, 45. 

sulphurous acid, 47. 
Ethylate, sodium, 26. 
Ethylene, 154. 

chloride, 14, 247. 

cyanide, 205. 

dibromide, 158, 163. 

glycol, 37. 

oxide, 38. 
Ethylidene chloride, 14. 

cyanhydrin, 58. 

glycol, 59. 

Fats, 175, 178. 

emulsification of, 182. 

saponification of, 179. 
Fatty acids, 95-151, 343* 
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Febling's solution, 58. 
Fermentation, 338-342. 
Fittig's reaction, 11. 
Flash point, 15. 
Fluorescene, 390. 
Formaldehyde, 54, 63. 
Formalin, 63. 
Formamide, 98. 
Formic acid, 61, 71, 77, 96. 

nitrile, 77. 
Formol titration, 88. 
Formose, 64, 289. 
Formula, empirical, 8. 

general, 14. 

graphic, 6, 8. 
Friedal and Crafts reaction, 353. 
Fructosazine, 268. 
Fructose, 307. 
Fruit sugar, 307. 
Fucose, 303. 
Fulminic acid, 82. 
Fumaric acid, 247-252. 
Furfural, 292. 
Furfurane, 293. 
Fusel oil, 29, 31, 145. 

Galactan, 317, 332. 
Galactose, 306, 317. 
Gallic acid, 382. 
Gelatin, 416. 
Geraniol, 402. 
Glacial acetic acid, 102. 
Gliadin. 416. 
Globulins, 414. 
Gluconic acid, 313. 
Glucosamine, 334, 416. 
Glucosan, 313. 
Glucose, 304, 312. 
Glucosides, 323, 324. 
Glutamic acid, 208, 419. 
Glutamine, 208. 
Glutaric acid, 207. 
anhydride, 215. 
Glutarimide, 216. 
Glyceraldehyde, 68, 288, 340. 
Glyceric acid, 230. 
Glycerides, 175. 
Glycerol, 39, 288. 
Glycero-phosphoric lusid, 193. 



Glycerose, 294. 
Glyceryl esters, 175. 
Glycine, 120. 
Glycocoll, 120, 416. 
Glycogen, 333. 
Glycol, 37, 106, 109, 201. 

aldehyde, 67, 106, 109. 

chlorhydrin, 39. 
GlycoUc acid, 108, 225, 254. 

ureides, 254. 
Glycolide, 225. 
Glycoluric acid, 254. 
Glycuronic acid, 313. 
Glyoxal, 68, 285. 
Glj^xaline derivatiyes, 256. 
Glyoxylic acid, 109. 
Granulose, 329. 
Grape sugar, 312. 
Gualtherin, 324. 
Guanase, 280. 
Guanidine, 117. 
Guanine, 278. 
Guiachol, 371. 
Gums, 333. 
Guncotton, 331. 

Hsematin, 219. 
Hsemin, 220. 
Hsemoglobin, 220. 
Hsemoporphyrin, 221. 
Halogen derivatives of fatty acids, 
107. 

derivatives of hydrocarbons, 3, 
12, 13, 358. 
Hedonal, 117. 
Helianthin, 390. 
Hemicellulose, 332. 
Hemiterpenes, 402. 
Heptadecane, 16. 
Heptamethylene, 213. 
Heptanes, 16. 
Heptyl alcohol, 36. 
Heterocyclic compoimds, 391. 
Hexabromide test, 189. 
Hexahydric alcohols, 295. 
Hexahydro benzene, 347. 
Hexamethylene, 213, 347. 

tetramene, 63. 
Hexane, 16. 
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' Hexoses, 295, 296, 303, 311. 
Hexyl alcohol, 36. 

iodide, 287. 
Hippuric acid, 378. 
Histamine, 257. 
Histidine, 125, 257, 418. 
Homogentisic acid, 375. 
Homologous series, 12. 
Hormones, 376. 
Hydantoic acid, 255. 
Hydantoin, 254, 255. 
Hydrazine, 62. 
Hydrazones, 72, 285. 
Hydro aromatic compoimds, 347. 
Hydrocarbons, 1, 154, 163, 347. • 

saturated, 1-21. 

unsaturated, 154, 163. 
Hydrocyanic acid, 77, 199. 
Hydrogen, Detection of, xv. 
Hydrogen, Quantitative estimate 

of, xix. 
Hydroquinone, 372. . 
Hydroxy acids, 108. 

aldehydes, 67, 109. 

benzoic acid, 381. 

butyric acid, 169, 235. 
Hydroxyl group, 220, 383. 
Hydroxyphenyl acetic acid, 370. 

alanine, 368. 

ethyl amine, 370. 

propionic acid, 370. 
Hydroxyproline, 224. 
Hydroxypropionic acid, 129. 
Hygrine, 408. 
Hyoscyamine, 408. 
Hypoxanthine, 277. 

Idose, 306. 
Imidazole, 257. 

acrylic acid, 257. 

amino-propionic acid, 125, 257. 

ethyl amine, 257. 
Imides, 216. 
Imino group, 216. 
Inactive tartatic acid, 229, 232. 
India rubber, 161. 
Indican, 397, 39a 
Indigo, 397. 

white, 397. 



Indole, 395, 399. 

acetic acid, 399. 

amino-propionic acid, 399. 

ethyl amine, 399. 

propionic acid, 399. 
Indoxyl, 396, 399. 
Ink, 382. 
Inosite, 373. 

Internal compensation, 229, 297. 
Inulin, 336. 
Inversion, 319. 
Invertase, 319. 
Invert sugar, 319. 
Iodine number, 186. 
lodobenzene, 359, 363. 
Iodoform, 74. 
Isoamylamine, 92. 
Isobutane, 18. 
Isobutyl alcohol, 29, 146. 

amine, 92. 
Isobutyric acid, 75, 141. 
Isocyanates, alkyl, 80. 
Isocyanides, alkyl, 78, 80. 
Isohfiemopjrrrol, 219. 
Isoleucine, 149, 416. 
Isomaltose, 320. 
Isomers, 19, 34. 
Isonicotinic acid« 394. 
Isonitrile reaction, 89. 
Isonitriles, 77, 78, 80. 
Isophonopyrrol carboxylic acid, 219. 
Isophthalic acid, 356. 
Isoprene, 161. 
Isopropyl alcohol, 28, 70. 

iodide, 42. 
Isoquinoline, 394. 
Isothiocyanates, alkyl, 80, 81. 
Isourea, 112. 
Isovalerianic acid, 143. 

Japan wax, 191. 

Keratins, 414. 

Kerosene, 15. 

Keto acids, 236, 237, 242. 

forms, 241. 
Ketones, 53, 68. 
Ketoses, 307. 
Kiliani's reaction, 290. 
Kryptopyrrol, 219. 
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Lactam, 237. 
Lactase, 321. 
Lactic acid, 129, 340. 
fermentation, 342. 
Lactones, 237. 
Lactose, 318, 321. 
Lanolin, 192. 
Laurie acid, 151. 
Lavender oil, 402. 
Lecithins, 93, 193. 
Leucine, 147, 416. 
Levulinic acid, 243. 
Levulose, 307. 
Lignin, 331. 
Ligroin, 15. 
Linoleic acid, 174. 
Linolic acid, 173. 
Lipase, 178, 180. 
Lutidines, 393. 
Lysine, 146, 418. 
Lyxose, 296. 

Magenta, 389. 

Magnesium in chlorophyll, 222. 

Malachite green, 388. 

Maleic acid, 247-251. 

Malic acid, 226, 249. 

Malonic acid, 202. 

Malonic ester ssmthesis, 203. 

Malonyl urea, 261. 

Maltose, 318, 320, 327. 

Mandelic acid, 324, 380. 

Mannan, 312. . 

Mannite, 312. 

Mannose, 312. 

Marsh gas, 1, 2, 3, 6. 

Melibiose, 323. 

Melissic acid, 151, 191. 

Melting point, 183, zi. 

Menthane, 403. 

Menthene, 403. 

Mercaptans, 42, 81. 

Mesitylene, 356. 

Mesotartario acid, 229, 232. 

Mesozalic acid, 242. 

Mesoxalyl urea, 261. 

Meta derivatiyes, 348. 

Metaldehyde, 66. 

Methane, 1. 



Methylal, 64. 
Methyl alcohol, 22. 

amine, 85, 90. 

aniline, 361. 

benzene, 352, 354, 

chloride, 3. 

glucosides, 325. 

glyoxal, 340. 

guanidine acetic acid, 124. 

imidazole, 315. 

iodide, 10. 

mercaptan, 43. 

methylene amine, 88. 

nitrile, 77. 

nonyl-ketone, 240. 

pentose, 303. 

phenylhydrazine, 317. 

urea, 112. 
Methylene, 5, 9, 154. 

amino acids, 122. 

chloride, 4, 9. 
Millon's reaction, 369. 
Mixed ethers, 52. 
Molasses, 318. 
Monochlorhydrin, 41. 
Morphine, 410. 
Mucic acid, 235, 317. 
Mucilages, 333. 
Murexide reaction, 263. 
Muscarine, 125, 196. 
Mustard oil, 169. 
Myrcene, 402. 
Myricyl alcohol, 36, 191. 
Myristic acid, 151. 
Myrosin, 324. 
Myrtleberry wax, 191. 

Naphtha, 15. 
Naphthalene, 384. 
Narcotine, 410. 
Neurine, 93, 195. 
Nicotine, 407. 
Nicotinic acid, 393. 
Nitriles, 77. 
Nitrobenzene, 359. 
Nitrocellulose, 331. 
Nitrogen, Detection of, xv. 
Nitrogen, Quantitative estimation 
of, zziv. 
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Nitroglycerine, 40. 
Nitroso compounds, 393. 
Nonyl alcohol, 36. 
Normal carbon chains, 18. 
Nucleic acids, 301. 

Octadecyl alcohol, 36. 

Octane, 16. 

Octyl alcohol, 36. 

Odor, xiii. 

Oil, oHve, 176. 

Oils, 176. 
drying, 176. 

Olefines, 163. 

Oleic acid, 169, 172. 

Olein, 175. 

Optical activity, 32. 

Optical properties, xiii. 

Orcin, 372. 

Ornithine, 119, 142. 
• Ortho derivatives, ^8. 

Osazones, 285, 311. 

Osones, 311. 

Oxalacetic acid, 243. 

OxaUc acid, 106, 109, 199, 201, 

nitrile, 199. 
Oxaluric acid, 259. 
Oxalyl urea, 260. 
Oximes, 63, 72. 
Oxy acids, 129, 237. 
^-Oxybutyric acid, 169, 236. 
Oxydases, 54. 
Oxyethylamine, 92. 

Oxyphenylpropionic acid, 370. 
Oxyproline, 224, 419. 
Oxypurines, 274, 277. 
Ozonides, 401. 

Palmitic acid, 161. 
Palmitin, 176. 
Papaverine, 410. 
Parabanic acid, 269. 
Para derivatives, 348. 
Paraffin, 16. 
Paraldehyde, 66. 
Pararosaniline, 388. 
Pectins, 333. 
Pelargonic acid, 173. 
Pentamethylene, 211. 
diamine, 147, 408. 



Index 

Pentanes, 19, 32. 
Pentosans, 332. 
Pentose in nucleic acids, 301. 
Pentoses, 295, 301. 
Peptides, 415, 426, 428. 
Petroleum, 16. 
benzine, 16. 
ether, 16. 
naphtha, 16. 
Phenates, 366. 
Phenol, 363, 366. 
ethers, 367. 
sulphonic acid, 366. 
Phenolphthalein, 389. 
Phenyl acetic acid, 380. 
alanine, 380, 417. 
amine, 360. 
cyanide, 363. 
hydrazine, 286. 
methane, 352, 354. 
propionic acid, 380. 
radical, 360. 
sulphuric acid, 366. 
2Q2 PWorizin, 323. 

Phloroglucinol, 373. 
Phosphatides, 193. 
Phospho-proteins, 416. 
Phosphorus, Testing for, xvi 
PhthaUc acid, 356, 384. 

anhydride, 366. 
Phyllopyrrol, 219. 
Phytic acid, 372. 
Phytosterols, 197. 
Picolines, 393. 
Picolinic acid, 394. 
Picric acid, 368. 
Pimelic acid, 209, 213. 
Pinene, 403. 
Piperazine, 269, 270. 
Piperic acid, 406. 
Piperidine, 391, 392, 393. 
Piperine^ 406. 

Polymerization, 64, 66, 164. 
Polysaccharides, 329. 
Polyterpenes, 402. 
Primary alcohols, 28. 

amines, 86. 
Proline, 223, 419. 
betaine. 126. 
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Propane, 13, 17. 
Propionic acid, 71, 127, 204. 
Propionitrile, 78. 
Propyl alcohol, 28. 

chloride, 17. 
Propylene, 159. 

glycol, 39. 
Propylidene chlorides, 160. 
Protamine, 447. 

structure of, 451. 
Proteins, 415-456. 

putrefaction, 369. 
Protocatechuic acid, 374. 
Provisional formula, calculation of, 

xxvi. 
Pseudo urea, 112, 116. 

uric acid, 272. 
Psylla wax, 191. 

Purification of Organic Com- 
pounds, vi. 
Purine, 275, 276. 
Purines, 270-282. 
Putrefaction, 369. 
Putrescine, 143. 
Pyrazines, 266. 
Pyrazole, 259. 
Pyridine, 392, 407. 
Pyrimidines, 264, 391. 
Pyrocatechin, 371. 
Pyrogallol, 373. 
p3n*oligneous acid, 100. 
Pyromucic acid, 292. 
Pyroracemic acid, 230. 
Pyrrol, 216, 389. 
PyrroUdine, 216, 222. 

carbozylic acid, 223. 
Pjrrrolidone carboxylic acid, 224. 
Pyrroline, 216. 

Pyruvic acid, 131, 230, 314, 340, 
344. 

Quaternary amines, 86. 
Quinine, 410. 
Quinoline, 394. 
Quinolinic acid, 394. 
Quinone, 372. 

Racemio acid, 229, 232. 
RaflSnose, 307, 323. 
Reichert-Mei«9l number. 187. 



Resordn, 390. 
Resorcinol, 372. 
Rhamnose, 303. 
Rhigoline, 15. 
Ribose, 296. 
Ridnoleic acid, 177. 
Rochelle salt, 231. 
Rosaniline, 389. 
Ruberythric acid, 387. 

Saccharic acid, 235, 304, 313. 
Saccharin, 378. 
Salicin, 323, 381. 
Salicylic acid, 381. 

aldehyde, 381. 
Salol, 382. 
Salvarsan, 413. 
Sandmeyer reaction, 364. 
Saponification, 179, 180. 

number, 183. 
Sarcolactic acid, 133. 
Sarcosine, 124, 255. 
Scatole, 396, 399. 
Secondary alcohols, 28. 
Serine, 140, 417. 
Sesquiterpenes, 402. 
Side chains. 350, 354. 
Silk, 416. 
Soaps, 179, 190. 
Sorbic acid, 344. 
Sorensen titration, 88, 122. 
Specific gravity, xiii. 
Spermaceti, 192. 
Stachydrine, 125. 
Starch, 329. 
Stearic acid, 151. 
Stearin, 175. 
Stereoisomerism, 34. 
Sterols, 197. 
Strychnine, 410. 
Suberic acid, 209, 213. 
Succinic add, 205. 

anhydride, 215. 
Succinimide, 216. 
Sucrose, 318, 328. 
Sugars, 283-323. 
Sulphonal, 74. 
Sulphiur alcohols, 42, 81. 
Sulphur, Analysifl for, xy. 
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Tannic acid, 382. 
Tannins, 382. 
Tartar emetic, 232. 
Tartaric acid, 227, 249, 204. 
Tartronic acid, 225, 294. 
Tartronyl urea, 261. 
Tautomerism, 276. 
Teraphthalic acid, 356. 
Terpenes, 400. 
Terpentine, 400. 
Tertiary alcohols, 28, 31. 

amines, 210. 
Tetrahydrozy dibasic acids, 235. 
Tetramethylene, 211. 

diamine, 143. 
Tetrametbyl methane, 19. 
Tetroses, 294. 
Theobromine, 281. 
Thio alcohols, 42, 81. 
Thiocyanates, alkyl, 80, 81. 
Thiourea, 115. 
Thymine, 264, 265. 
Thymol, 374. 
Toluene, 352, 354. 
Toluidines, 361, 389. 
Trans form, 171. 
Tribrom aniline, 360. 

phenol, 367. 
Trichlor acetic acid, 107. 

methane, 9. 
Trihydric alcohols, 39. 

phenols, 373. 
Trihydroxybenzenes, 373. 
Trihydroxy glutaric acid, 235. 
Triiodo propane, 39. 
Trimethyl amine, 85. 
Trimethylene, 210. 
Triolein, 172. 
Trioses, 294. 
Trioxyglutaric acid, 295. 
Trioxjrmethylene, 64. 
Trioxy purine, 271, 274. 
Tripeptides, 415. 
Triphenylamine, 562. 
Triphenyl methane, 357, 388. 
Triple bond, 163. 
Trisaccharides, 307, 323. 
Tropic acid, 409. 



Tropine, 409. 
Tryptophane, 398, 418. 
Tunicin, 331. 
Turpentine, 400. 
Tyramine, 370. 
Tyrosine, 368, 375, 417. 

Unsaponifiable residue, 184. 
Unsaturated acids, 169, 172, 173. 

aldehydes, 168. 

hydrocarbons, 153, 161. 
Uracil, 264, 266. 
Uramil, 263, 272. 
Urea, 111, 113. 
Urease, 115. 
Ureides, 253-263. 
Urethane, 117. 
Uric acid, 271, 274. 
Urocanic acid, 257. 
Urotropin, 63. 

Valerianic acid, 142. 
Valine, 29, 143, 416. 
Vanillin, 374. 
Van Slyke reaction, 90. 
Varatric acid, 374. 
Vaseline, 16. 
Veratrol, 371. 
Veronal, 261. 
Vinegar, 53. 
Vinyl alcohol, 167. 

bromide, 159. 
Volatile fatty acids, 176, 177, 187. 

Walden's transformation, 138. 
Waxes, 190. 
Wohl's reaction, 290. 
Wood alcohol, 22. 
distillation, 100. 
Wool wax, 192. 

Xanthine, 277. 
** oxidase, 280. 
Xylan, 332. 
Xylenes, 352, 356. 
Xylite, 296. 
Xylose, 296. 

Yeast, 24, 340. 

Zinc methyl, 10. 
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